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Abstract: Two species of anuran amphibians, Ranidella signifera and R. parinsignifera, are broadly 
sympatric in south-eastern Australia. The energetics of sympatric populations of breeding males were evalu¬ 
ated over four years of study. Although areal population respiration and consumption of food in choruses 
are as great as in populations of homcothermic vertebrates, the localisation of individuals means that these 
anuran populations contribute relatively little to energy flow compared with birds or mammals. The ratio 
of production to respiration in populations of anurans should be intermediate between the analogous ra¬ 
tios in birds and in salamanders. Somatic energy reserves contribute relatively little to energy requirements, 
so that feeding at breeding sites is essential to finance observed reproductive activity. Standardised meas¬ 
ures of reproductive expenditure reveal that males of these species of Ranidella expend about as much on 
annual reproduction as do females of a variety of small reptiles and amphibians. Comparisons of food 
availability and food requirements indicate that food limitation is likely to occur in sympatric populations 
of these species of Ranidella. Despite this, neither food nor microhabitat segregation occurs. 


Humphreys (1979) provided an extensive list of figures 
for productivity and respiration in populations of animals. 
He did not refer to studies of population energetics of 
herpetofaunas, although information does exist (e.g. Alex¬ 
ander & Whitford 1968, Burton & Likens 1975, Nagy & 
Shoemaker 1975, Bennett & Gorman 1979). Of all of the 
groups of terrestrial vertebrates, the amphibians have been 
least studied in terms of population energetics. To my 
knowledge, the only reference to an aspect of population 
energetics of anuran amphibians is that of Darevskij and 
Terentev (1967), but the information presented there is 
sketchy and indirect. Clearly, an understanding of pat¬ 
terns of energy expenditure and acquisition in terrestrial 
vertebrates cannot be gained without an empirical basis 
that spans all groups. For example, Burton and Likens 
(1975) reported that populations of salamanders have high 
ratios of production: respiration relative to avian popu¬ 
lations in the same forests. They estimated that these cau¬ 
date amphibians produce five times as much new biomass 
as do the birds, but engage just one-fifth as much energy 
flow. Are such patterns characteristic of trends within the 
terrestrial vertebrates, or are they specific to the species 
and locations involved? The opportunity to quantify 
population energetics in amphibians now exists, owing to 
recent studies of energy budgets of individuals (e.g. Bucher 
et al. 1982, Ryan et al. 1983, Mac Nally 1984a, Taigen & 
Wells 1985). One objective of this paper is to synthesise 
a diverse range of characteristics of populations of two 
sympatric species of anuran amphibians (Ranidella sig¬ 
nifera and R. parinsignifera : Leptodactylidae) so that 
energy expenditure and acquisition can be evaluated for 
these species. The information that is used to do so in¬ 
cludes data on changes in population density, maintenance 
metabolism, energy required for reproduction, dynamics 
of energy stores, and rates of ingestion. 

The second part of this study concerns food limita¬ 
tion. Conventional theories of competition and coexis¬ 


tence in guilds assert that morphologically similar, 
sympatric species should differ along one of three resource 
dimensions: (1) diet composition; (2) locations of forag¬ 
ing; and/or, (3) times of feeding (Schoener 1974). The idea 
here is that those phenotypes within populations that 
specialise in such a way as to overlap relatively little with 
heterospecifics should accrue significantly more resources, 
and thereby outcompete other conspecific phenotypes 
(Schoener 1970, 1974, Pianka 1975, Rosenzweig 1981). 
That is, the elevated fitness associated with reduced over¬ 
lap is converted into niche segregation (MacArthur 1972, 
May & MacArthur 1972). Of course, the resources upon 
which the “competitive” process depend must be limited 
relative to the requirements of the putative “competitors”. 
Abrams (1980a, b) suggests that appropriate models of 
consumer requirements and resource availability might be 
used to assess limitation. This method is an indirect one 
in terms of demonstrating true competition [which en¬ 
tails experimental detection of demographic effects (Dun¬ 
ham 1980, Mac Nally 1983b)], but it does have the 
potential advantage of identifying the resource(s) through 
which the demographic effects are mediated (Jaeger 1970, 
1971). The second objective of this paper, then, is to con¬ 
struct a reasonable model of energy requirements of the 
two sympatric populations of Ranidella , and assess 
whether food availability is sufficient to cover these re¬ 
quirements without the occurrence of limitation. 

NATURAL HISTORY 

These species of Ranidella are migratory. Breeding in¬ 
dividuals of R. signifera arrive at ponds in south-central 
Victoria as early as February, and may continue to breed 
until December if rainfall is sufficient and consistent 
enough (Mac Nally 1981b). Individuals of R. parinsig¬ 
nifera do not breed until mid-July at the earliest, so that 
variable amounts of asynchronous breeding occur. Tem¬ 
poral overlap is increased greatly in years in which au- 
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'March to May) drought occurs because the 
b seaing activity of R. signifera then is concentrated into 
iate winter and spring, when R. parinsignifera usually 
breeds. 

This study is concentrated upon the population ener¬ 
getics of breeding males because they are the constituents 
of anuran populations that are most likely to affect one 
another (Mac Nally 1979, 1983a). At least in these spe¬ 
cies of Ranidella, breeding males occur in high densities 
for long periods relative to females (Mac Nally 1979, 
1984b). Overall, the figures for components of popula¬ 
tion energetics are minima because data for females and 
young are not included. Moreover, the estimates of ex¬ 
penditure and consumption refer to breeding seasons only, 
which is a common practice in studies of population ener¬ 
getics of migratory species (e.g. Wiens & Nussbaum 1975, 
Holmes et al. 1979). 

PROCEDURES 

Broadly speaking, there are two main facets to the 
evaluation of population energetics: (1) expenditure; and, 
(2) acquisition. Both factors are determined by the spa¬ 
tial densities of males and durations of breeding. Expen¬ 
diture consists of metabolic requirements incurred during 
reproductive activity: (1) maintenance metabolism; and, 
(2) metabolism necessary to accommodate activities such 
as vocalisations, etc. The energy that is used to finance 
metabolic expenditure can be derived from two sources: 
(1) “imported” energy (fat bodies, liver, etc.); and, (2) 
energy obtained by feeding at breeding locations. 

Spatial Densities and Dynamics 

These variables were determined at Willowmavin site 
L, 62 km NNW of Melbourne, Victoria (37°17'S, 
144°58'E). Chorus dynamics were studied from 1977 to 
1980. The measurement procedure was as follows. A per¬ 
manent reference point was established. For each occa¬ 
sion that information was collected (a chorus “mapping”), 
a 50 m measuring tape was anchored at the permanent 
point, and then laid parallel to the long axis of the pond. 
Vocalising males of both species were located. They were 
captured by hand, and their positions marked by using 
numbered stakes. These males were individually marked 
by toe-clipping (Martof 1953), and then returned to their 
respective positions. Satellite males were detected by direct 
visualisation, or by searching the vicinity of stations of 
calling males. Locations of stakes relative to the perma¬ 
nent point were noted for each mapping. These data 
provided the basic information concerning the spatial dy¬ 
namics of breeding males and temporal changes in 
densities. 

Expenditure of energy 

Temperature regime : Metabolic rates of poikilothermic 
animals depend upon ambient temperature (Prosser 1973; 
Results). Therefore, it is necessary to establish the ther¬ 
mal regime experienced by the animals to be able to esti¬ 
mate energy expenditure. Two sets of information were 
used to attempt to do so. First, records of temperature 


fluctuations were obtained from the Victorian Bureau of 
Meteorology for local weather stations. Second, direct 
measurements of temperature were made at the locations 
of the animals themselves. These temperatures were 
recorded during chorus mappings, during the measure¬ 
ment of schedules of vocalisations (see below), and also 
at all times during the day and night to obtain a fully 
representative idea of the thermal regime. Although the 
records derived from the weather stations are included 
here, one should bear in mind that they are liable to be 
of less use than direct measurements because they do not 
take into account the stabilising influence of lentic pools 
or ponds of water, along whose banks the animals are lo¬ 
cated. Clearly, the direct measurements should portray a 
clearer picture in relation to the thermal regime that is 
experienced by the animals. 

Maintenance metabolism : Males of both species of 
Ranidella w'ere collected from a nearby pond, Willow¬ 
mavin F&M (3 km W of Willowmavin site L). Oxygen 
consumption was measured by using compensating * 
respirometers of the design of Davies (1966), with minor 
modifications (Mac Nally 1981a). For a given determina¬ 
tion, the respirometer was immersed in a constant- 
temperature water-bath for 90 min prior to measurement 
to allow thermal equilibration. At the completion of the 
experiment, animals were blotted dry, and then weighed 
to the nearest 0.1 mg. They were then sacrificed, and dried 
for 6 wk at 55°C to obtain dry masses to the nearest 0.1 
mg. 

Measurements were regularised to standard tempera¬ 
ture and pressure. Results should be considered to be rou¬ 
tine metabolic rates (Fry 1957). The values are expressed 
as /d 0 2 h"‘g[dry]' , STP, and were converted into energy 
units by using the oxycalorific conversion factor of 19.8 , 
J ml 0 2 _1 (Elliot & Davison 1975). Measurements were 
made between 1200 h and 1800 h Eastern Australian Time 
during the synchronous periods of breeding in 1979 and 
1980. 

Time and energy budgets of behaviour : Time budgets oP* 
these species during reproductive activity are simplified 
by the fact that there are only two significant component^’ 
to the behavioural repertoire: (1) production of vocalisa¬ 
tions; and, (2) silent periods (see Mac Nally 1984a). Rou¬ 
tines of measurement of schedules of calling consisted oP, 
recording the vocal activity of individual males over 1& 
min intervals of time. A variety of environmental 
parameters were measured to assess their influence on vo-- 
cal activity (see Mac Nally 1984a). Of course, the sched-. 
ules referred to activity of single males, so it was deemed, 
necessary to standardise results to produce average sched-^ 
ules w ithin choruses. Otherwise, there would be a tendency 
to overestimate call production if only, say, 70% of maleW 
were calling. The densities of males as determined abov^ 
allowed estimates of the proportion of calling males at: 
any one time. Standardised information then could be cal¬ 
culated. Calling schedules were quantified for most hours^ 
of the day and night so that daily schedules could bc^ 
generated by the integration of these results (see Mac Nally* 
1984a). These results were translated into units of energy- 
by using the method described in Mac Nally (1984a). 



ENERGETICS AND FOOD LIMITATION IN RANIDELLA 


3 


Sources of Energy 

Energy stores : Breeding males of both species were col¬ 
lected every 2-3 wk from Willowmavin F&M. Collections 
were made throughout the breeding seasons of 1977 and 
1980. Fat-bodies and livers were removed by dissection, 
and these and the soma were weighed immediately, and 
again after having been dried for 4 wk or more at 55°C. 
Testes were also removed, but their small mass was of lit¬ 
tle consequence in relation to energy dynamics (Mac Nally 
1981b). 

A selection was made of samples from dates spanning 
the breeding seasons of both species in 1978 and 1979. 
The soma of all males in a given sample were ground 
together into a fine powder for use in standard calomet- 


ric (Phillipson 1964) and ash-content (Reiners & Reiners 
1972) determinations. An energy equivalent of 39 J=1 mg 
dry fat (Petrusewicz & Macfadyen 1970) was used. The 
livers of all males of a given species were pooled for the 
1980 collections, and calorimetric and ash-content deter¬ 
minations again were undertaken. 

Time-dependent patterns of change were derived for: 
somatic; hepatic; and, fat-body energy. These trends were 
used to establish the profiles of energy depletion through¬ 
out the breeding seasons of each species over the four 
years. Time-dependent changes in dry mass of soma were 
used in conjunction with data for metabolic rates to esti¬ 
mate the metabolic expenditures of males as the breed¬ 
ing seasons progressed. 



Fig. 1 — Densities of breeding males (including satellites) throughout the breeding seasons of 1977 to 1980. 
Data are for R. signifera (open charts) and for R. parinsignifera (black charts). Bars associated with each 
chart equal 10 male m' 2 . Dashed lines at ends of some charts indicate that individuals were present and 
active, but data were not collected in the manner described in the text. 
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Table 1 

Summary of Respirometric Data for Males of R. signifera and of R. parinsignifera in 1979 and 1980. 
Metabolic rates are expressed in four units: /d Ozh-'gtwet]" 1 STP; Oih-'gldry] -1 STP; J h" 1 ; and, J 

h _1 g[dry]“‘. Data are x±S.E. 


Species and 

Temperature (°C) 

Number 

Oxygen consumption 

Energy equivalent 

Wet 

Dry 

Wet 

Dry 

R. signifera 






5 

18 

60±5 

249 ±21 

1.2±0.1 

4.9±0.4 

10 

12 

86±4 

325 ±15 

1.7 ±0.1 

6.4±0.3 

15 

12 

169 ±12 

629 ±45 

3.3±0.2 

12.5 ± 0.9 

R. parinsignifera 






5 

18 

61 ± 4 

252± 17 

1.2 ± 0.1 

5.0±0.3 

10 

12 

84 ±8 

328 ±31 

1.7±0.2 

6.5±0.6 

15 

12 

163 ± 9 

646 ±36 

3.2±0.2 

12.8±0.7 


Rates of Feeding 

Stomach contents of males that were collected at Wil- 
lowmavin F&M (see above) were placed onto small dishes 
and dried for 4-6 wk at 60°C. These amounts of food 
represent minimum daily rates of ingestion because males 
are liable to be feeding continuously throughout the day. 
Data were collected for the breeding seasons of 1977 to 
1980. 

Food Availability 

Absolute availability of prey was measured during the 
breeding season of 1981. Three replicate samples of sods 
of earth and associated vegetation from pond margins 
were collected from Willowmavin F&M every 3-4 wk. Sods 
measured 15x15x2 cm. Invertebrates were extracted by 
using Berlese-Tullgren funnels (see Kevan 1962, Murphy 
1962). The methods that were adopted assured the best 
overall retrieval of soil and litter invertebrates (Edwards 
& Fletcher 1971). The occurrence of more highly vagile 
taxa (e.g. adult dipterans) was monitored by using 
commercially-available flypapers, but very few prey taxa 
were captured by this method (1 per 80 cm“ 2 d~*). There¬ 
fore, no further reference is made to this sdurce of 
information. 

Where necessary, probability levels are designated by 
the conventional asterisk method: *P<.05; **P<0.01; and 
***P<.001. 

RESULTS 
Spatial Dynamics 

Males of both species form linear choruses along mar¬ 
gins of ponds. However, more than 70% of males are lo¬ 
cated on land within 10 cm of the land-water interface 
(Mac Nally 1984c), so that the effective area of occupa¬ 
tion is a strip 10 cm wide along pond margins. This means 
that 10 m of such a strip effectively constitutes 1 m 2 ; this 
conversion value allows areal estimates to be made for 
comparative purposes. 

Densities of both species are shown for each of the 
four years in Fig. 1. There was autumnal drought in 1979 


and 1980, which led to the concentration of breeding of 
both species into late winter and spring (Fig. 1). In the 
more normal rainfall years, 1977 and 1978, temporal over¬ 
lap was much reduced (Fig. 1). 

The average spatial density calculated over entire 
breeding seasons usually was about 5.0 males m 2 (Table 
3). The sole exception was the unusually high density ot 
males of R. parinsignifera in 1979, which was about twice 
as great (9.8 males nr 2 ; Table 3). 


Expenditure of Energy 


Resting metabolism : There was no significant dependence 
of metabolic rates on year of measurement (Fi >6 o=0.62) j 
nor did the species differ (Fi 6 o=0.64). Metabolic rates 
for each species for temperatures of 5, 10 and 15°C are 
listed in Table 1. 

The estimation of daily costs of maintenance 
metabolism is much simplified by the fact that tempera- 
tures at the locations of males are highly concentrated 
around 10°C, irrespective of season (Table 2). Despite wide 
fluctuations recorded at representative weather stations? 
the temperature regime in a microgeographic sense i s 
remarkably stable (Table 2). Therefore the costs of main¬ 
tenance metabolism are considered to be dependent only 
upon changes in somatic mass as the season progresses 
(see below). 


Costs of vocalisation and chorus participation : The* 
methods by which these costs are estimated are described 
fully in another report (Mac Nally 1984a). Basically, they 
refer to the additional metabolic load during periods when 
males produce vocalisations (vocalisation load), or the ctd' 
ded costs to non-vocalising males that are in the midst 
of active choruses (stimulation load). The factorial in' 
creases over resting metabolism are values derived fron 1 
studies by Bucher et al (1982) and S. B. Chaplin and H* 
C. Gerhardt (pers. commun.) (but see Taigen & Welh 
1985). The factorial values are: 4 (vocalisation load) and 
1.5 (stimulation load). Stimulation load is subsumed into 
vocalisation load for periods during which males product 


calls. For males of average size, representative values 


of 


-— —to- —? - ~ 

daily metabolic costs are: (1) 23 J d 1 (maintenance); V*' 
31 J d“‘ (vocalisation); and, (3) 15 J d“‘ (stimulation^ 







ENERGETICS AND FOOD LIMITATION IN RANIDELLA 


5 


Table 2 

Summary of Temperature (°C) Statistics during the Breeding Season of R. signifera and R. parin¬ 
signifera. I present mean wet-bulb air-temperatures from four representative weather statiohs 3 , and dry- 
or wet-bulb air-temperatures derived from the calling schedules, chorus mappings, or measurements made 
during the daytime at typical calling stations. 


Time or 



Month 




category 

Apr 

May Jun 

Jul Aug 

Sept 

Oct 

Nov 

0900 

10.9^ 

7.7 5.5 

4.9 6.6 

7.8 

10.4 

11.8 

1500 

13.5 

10.4 8.9 

7.8 8.9 

9.8 

12.3 

14.0 

Daily maximum 

14.9 

10.5 9.9 

8.9 10.5 

11.5 

14.2 

14.8 

Daily minimum 

6.4 

3.8 2.0 

1.4 3.2 

3.4 

5.1 

7.1 





Dry/Wet 



Category 


Month(s) 

Time(s) 

bulb 

x±S.D. (n) 

signifera schedules 


Jul-Oct 

all hours 

wet 

9.5 ±2.3(124) 

R- signifera mappings 


Apr-Oct 

1800-2200 

dry 

9.5 ±3.3(159) 

Pwinsignifera schedules 

Aug-Oct 

all hours 

wet 

9.9 ± 2.6(118) 

R- parinsignifera mappings 

Aug-Oct 

1800-2200 

dry 

11.8 ± 3.1(94) 

Diurnal measurements 


Jun-Oct 

1045-1800 

dry 

9.4 ± 1.7(48) 


a * Seymour (37°0'S, 145°9'E; 142 m elevation); 

Malmsbury (37°12'S, 144°24'E; 472 m); 

Kyneton (37°15'S, 144°27'E; 519 m); 

Mangalore (36°53' S, 145°1TE; 140 m). 

b; The 95% confidence interval of any one mean is ±1.3°C (viz., ±t.os,i 2 «V(MS [within] /4), where there. 
are 32 sets of 4 temperatures for each month for each category, and the variance of the 32 groups are: 

homogeneous). 


Table 3 n n 

Estimates of Average Daily Energy Expenditure, Depletion of Somatic Ener °J ^ S ’ A F N p 0N ™‘ 
sumption of Food by Breeding Males of R. signifera and R. parinsignifera Anna margins of Ponds. 
Duration of breeding seasons and mean spatial densities of males are 


Duration of breeding(d) 
Mean density (males nr 2 )(b) 
Maintenance metabolism 
(J nr 2 d~‘) 

Metabolic costs of reproduc- 
tlve behaviour (J m^d" 1 ) 
Total metabolism 
(J m^d" 1 ) 

Depletion of energy stores 

(J nrM' 1 ) 

Minimum consumption of 
rood (mgtdryJm-M- 1 ) 

(J nr 2 d -1 ) 


1977(a) 

R. signifera 
1978(a) 1979 

1980 

1977(a) 

R. parinsignifera 
1978(a) 1979 

1980 

151 

4.6 

179 

4.9 

166 

5.1 

125 

5.6 

92 

5.5 

106 

5.3 

81 

9.8 

101 

4.0 

137 

134 

148 

149 

143 

130 

269 

107 

228 

235 

252 

268 

257 

246 

All 

190 

365 

369 

400 

417 

400 

376 

741 

297 

40 

47 

75 

78 

64 

100 

296 

68 

3.3 

75 

4.7 

107 

9.4 

213 

7.7 

175 

5.4 

123 

9.7 

220 

15.0 

341 

4.9 

111 


( a ) Minimum estimate because data were not collected for some parts 

(b) Equivalent to males per 10 m of pond margin. 


of the breeding seasons. 
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Table 4 

Estimates of Annual Expenditure of Energy, Depletion of Somatic Reserves, and Minimum Con¬ 
sumption of Food by Breeding Males of R. signifera and R. parinsignifera Along Pond Margins. 


Quantity 

1977(a) 

R. signifera 
1978(a) 1979 

1980 

1977(a) 

R. parinsignifera 
1978(a) 1979 

1980 

Maintenance metabolism 
(kJ m‘ 2 d‘ l ) 

20.6 

24.0 

24.5 

18.6 

13.2 

13.8 

21.8 

10.8 

Metabolic cost of reproductive 
behaviour (kJ m^d" 1 ) 

34.4 

42.0 

41.7 

33.6 

23.7 

26.1 

38.2 

19.1 

Total metabolism 
(kJ m' 2 d‘‘) 

55.0 

66.0 

66.2 

52.2 

36.9 

39.9 

60.0 

29.9 

Depletion of energy stores 
(kJ m' 2 d"‘) 

6.1 

8.3 

12.5 

9.8 

5.9 

10.6 

24.0 

6.9 

Minimum consumption of 
food 

(mg[dry]nr 2 yr') 

510 

840 

1570 

1030 

510 

990 

1210 

500 

(kJ m' 2 yr -1 ) 

11.6 

19.1 

35.6 

23.4 

11.6 

22.5 

27.5 

11.4 


(a) Minimum annual estimate because data were not collected for some parts of the breeding seasons. 


Throughout the remainder of this paper, costs of vocali¬ 
sation and stimulation are treated under the one category 
of reproductive behaviour. 

Population energetics—daily expenditure : Mean expen¬ 
diture of breeding males per day varied relatively little be¬ 
tween years in choruses of R. signifera (Table 3). The 
population-wide cost of maintenance metabolism was 
about 140 J nr 2 d‘\ whereas the estimated added expen¬ 
diture (viz.y over and above maintenance) due to reproduc¬ 
tive behaviour ranged from 228-268 J m' 2 d"'. Total 
population metabolism was in the range of 365-417 J 
nr 2 d~' (Table 3). Estimates for choruses of R. parinsig¬ 
nifera were more variable, owing to the uncommonly dense 
aggregations that persisted throughout 1979 (Table 3). The 
population expenditure on maintenance (107-269 J 
m" 2 d _I ), reproductive behaviour (190-472 J m~ 2 d~‘), and 
total (297-741 J m' 2 d"‘) metabolism showed ranges of more 
than two-fold variation commensurate with the range in 
average daily density (Table 3). 

Population energetics-annual expenditure: Annual ex¬ 
penditure by breeding males of R. signifera was relatively 
consistent from year to year, notwithstanding the effects 
of drought in 1979 and 1980 in concentrating reproduc¬ 
tive activity into shorter time-spans (Table 4). Annual 
population expenditures were: (1) maintenance (18.6 to 
24.5 kJ m' 2 yr‘); (2) reproductive behaviour (33.6 to 42.0 
kJ nr 2 yr‘); and, (3) total metabolism (52.2 to 66.2 kJ 
nr 2 yr‘). The greater average density of males of R. parin¬ 
signifera in 1979 was reflected in annual population meta¬ 
bolic costs that were similar to those of R. signifera despite 
a much shorter breeding season (Table 4). In other years, 
the figures for populations of R. parinsignifera were some¬ 
what less than those of their congeners (50% to 63%) (Ta¬ 
ble 4). 

Sources of Energy 

Energy depletion profiles: Regression lines that depict the 
changes in total energy of soma are shown in Fig. 2. Rela¬ 
tionships for males of both species for each of the four 


years are illustrated. Some sets of data are best represented I 
by curvilinear polynomial relationships (Fig. 2). Also I 
shown are the mean surpluses of somatic energy of aver- • 
age males of R. parinsignifera over average males of R. 
signifera (Fig. 2) according to the equation: 

E s =[j'[P(t)-S(t)] dt]/[(. f dt], (1) » 

where: P(t) and S(t) represent the time-dependent func¬ 
tions of total somatic energy of R. parinsignifera and R. 
signifera respectively; and, i and f define the start and fin- ! 
ish of synchronous occurrence at breeding sites. Evalua-. 
tion of equation (1) for each of the four years showed that f 
males of R. parinsignifera enjoyed an energetic superiority \ 
of 880 J d _> and 424 J d" 1 in 1978 and 1977, but much 
more equal stores were seen in the drought years of 1979 | 
and 1980 (54 J d"‘ and -70 J d" 1 respectively). As males ! 
expend, on average, 69 J d"‘, it is clear that the effect of k 
drought is to reduce superiority of energy stores of R. 
parinsignifera over their congeners from about 6-13 d in 
normal years to less than 1 d in drought-affected years. | 

The daily depletion of energy stores (i.e. negative 1 
production excluding losses due to mortality) in popula-i 
tions varies between 40 and 78 J itt 2 d' 1 in R. signifera 
and between 64 and 296 J m' 2 d' 1 in R. parinsignifera (Ta¬ 
ble 3). The relatively great figure of 296 J nr 2 d _I calcu¬ 
lated for R. parinsignifera in 1979 does not appear to be 
unrealistic given that there were large densities of males 
(9.8 males m~ 2 ) and a steep gradient on energy depletion 
profiles as well (see Fig. 2). However, it seems that daily- 
depletion rates of about 70 J nr 2 d' 1 would be more 
characteristic of these species (Table 3). 

Estimates of annual depletion of stores of energy are 
listed in Table 4. The values range between 6.1 and 12.5 
kJ nr 2 yr 1 in R. signifera , and between 5.9 and 24.0 kJ 
nr 2 yr 1 in R. parinsignifera. Again the high average den¬ 
sity of the latter species in 1979 was the cause of the rela-l 
tively large value of 24.0 kJ m" 2 yr' 1 . One would 
characterise annual depletions in populations of these spe¬ 
cies as something of the order of 8 to 10 kJ m' 2 yr' (Ta-j 
ble 4). 
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Fig. 2- Regression lines of best-fit of total energy of soma plotted against time for both species of Ranidella 
for four years. Solid lines (dashed ends in 1977, 1978) represent data for R. signifera, whereas dash-dot 
lines (--) represent information for R. parinsignifera. Relative levels of total somatic energy are shown, 
heavy stippling — /?, parinsignifera superior to R. signifera : light stippling — /?, signifera superior to . 
parinsignifera. The average_daily excess of total somatic energy of males of /?. parinsignifera over their 
congeners is also supplied (E„ see text). Correlation coefficients: /?. signifera, 1977 (r = 0.49***, n-°8), 
1978 (r = 0.69***, n = 90), 1979 (r = 0.59***, n = 65), 1980 (r = 0.65***, n = 57); /?. parinsignifera, 1977 
(r = 0.28 n.s., n = 39), 1978 (r = 0.86***, n = 47), 1979 (r = 0.74***, n = 22, 1980 (r = 0.74-**, n = 38). 


An estimate of the total loss of energy stores in popu¬ 
lations of breeding males of these species must account 
for mortality that occurs during the breeding season. A 
mortality rate of 25% has been recorded at a breeding 
site near Canberra, Australia (Humphries 1979). I esti¬ 
mate by using this figure that total negative production 
incurred by breeding males during a breeding season 
would be from 9.6 to 16.7 kJ m -2 yr‘ in /?. signifera , and 
from 9.9 to 31.1 kJ m" 2 yr~‘ in /?. parinsignifera. A 
representative figure for populations would be of the order 
of 12 to 14 kJ m" 2 yr 1 . 

Consumption of food at breeding locations : Minimum 
consumption of food by breeding males is represented in 
units of dry mass, and also of energy by assuming a con¬ 
version factor of 22.7 J mg[dryj~ l (Griffiths 1977) (sec Ta¬ 
bles 3, 4). Daily estimates range from 75 to 213 J m" 2 d" 1 
in /?. signifera , and from 111 to 341 J m' 2 d~‘ in R. parin¬ 
signifera (Table 4). In both daily and annual estimates for 
both species, there is too much variation to specify a 
characteristic value for populations of breeding males. 


Energy Requirements and Availability 

Mean daily costs of maintenance and of reproductive 
activity are listed in Table 3. We are now in a position to 
compare these requirements with measurements of energy 
availability to finance these costs. The two possible sources 
of energy, imported somatic stores and food, have been 
evaluated above. However, the values obtained for these 
sources are subject to constraints on transfer efficiency. 
Specifically, only 50% of energy stores can be used after 
mobilisation (White et al. 1964), and efficiency of assimi¬ 
lation by adult anuran amphibians is of the order of 75% 
(Smith 1976). 

I define energy shortfall to be the difference between 
energy requirements and usable energy derived from 
energy stores. The shortfall can only be bridged by 
feeding. 

Use of energy stores provides relatively little of the 
energy needed to finance metabolic expenditures. In /?. 
signifera , only 5.5 to 9.5% of necessary energy can be met 
from this source. The figures are higher in /?, parinsig- 
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Table 5 

SUMMMARY OF ENERGY ACQUISITION AND EXPENDITURE IN POPULATIONS OF BREEDING MALES OF R . signifera 
and R. parinsignifera. These data refer to average daily conditions. Energy acquisition values have been 
modified to incorporate efficiency coefficients, so that the values stated here are usable energy estimates. 

All units are J m' 2 d" 1 . 


Quantity 

1977(a) 

R. signifera 
1978(a) 1979 

1980 

1977(a) 

R. parinsignifera 
1978(a) 1979 

1980 

Metabolic expenditure 

365 

369 

400 

417 

400 

376 

741 

297 

Energy shortfall 
%: Minimum consumption 

345 

345 

362 

378 

368 

326 

543 

263 

over shortfall 

%: Shortfall over mean availi- 

16.2 

23.2 

44.2 

34.7 

25.0 

50.6 

47.1 

31.6 

bility of standing crop 

10.1 

10.1 

10.6 

11.1 

10.8 

9.6 

16.0 

7.7 


(a) Minimum estimates because data were not collected for some parts of the breeding seasons. 


nifera (8.0 to 26.7%) by virtue of the fact that males of 
this species deplete about the same amount of stores (ap¬ 
prox. 2200 J yr" 1 , Mac Nally 1981b) in considerably less 
time (see Table 3). Nevertheless, feeding must provide the 
majority of the energy to satisfy the metabolic re¬ 
quirements. 

The amounts of usable energy equivalent to rates of 
minimum consumption of food do not bridge the energy 
shortfall (Table 5). The percentage of minimum consump¬ 
tion to shortfall ranges from 16.2 to 44.2% in R. signifera , 
and from 25.0 to 50.6% in R. parinsignifera (Table 5). 
A reasonable characteristic percentage would be 35-40% 
in these species. This means that males must consume dur¬ 
ing the day between two and three times the amount of 
food that is present in their stomachs in early evening. 

Mean absolute availability of the invertebrate taxa that 
are consumed by males of these species was quite consis¬ 
tent, being of the order of 200 mg [dry] nr 2 from July 
to October (see also Mac Nally 1983b). Of course, this 
amount corresponds to only 75% as much in usable terms 
(given efficiency of assimilation), so that absolute avail¬ 
ability would be 150 mg [dry] m' 2 or 3.4 kJ nr 2 standing 
crop. 

Approximately 10% of absolute availability is required 
to overcome the daily energy shortfall in both species (Ta¬ 
ble 5). One concludes from these figures that the com¬ 
bined daily impact of feeding by breeding males in 
syntopic conditions is about 20% of the standing crop. 
To sustain such an impact would require a rather unlikely 
level of 20% daily production of those prey taxa that were 
found to occur in the diets of males of R. signifera and 
R. parinsignifera. 

DISCUSSION 

Comparative Population Energetics of Terrestrial 
Vertebrates 

Details of components of population energetics of 
representatives of each of the four classes of terrestrial 
vertebrates are listed in Table 6. An examination of these 
figures suggests two main conclusions. First, populations 
of poikilothermic vertebrates can rival avian and mam¬ 
malian populations in terms of food consumption and 
respiration. To do so, however, their populations must be 


either highly concentrated, like aggregations of breeding 
Ranidella , or else such populations must be of relatively 
great general abundances (saurofauna of Bennett & Gor¬ 
man 1979). Second, if the populations of poikilotherms 
are not concentrated, or have standing crops of about the 
same magnitude as avian or mammalian populations, then 
both the metabolic expenditure and impact on prey (or 
plants) is of little consequence in relation to populations 
of homeotherms (compare data for Uta and salamanders 
with birds and mammals). One can generalise these com¬ 
ments and conclude, as others have done (Alexander & 
Whitford 1968, Burton & Likens 1975), that poikilother¬ 
mic vertebrates have little impact on broad-scale energy 
transformations in ecosystems relative to homeothermic 
vertebrates. 

Burton and Likens (1975) observed that the ratios of 
production to respiration in populations of salamanders 
was of the order of sixty times greater than that of sym- 
patric avian populations. I believe that the data provided 
in the present paper indicate that the population energetics 
of salamanders are not characteristic of amphibians as 
a whole. The caudate amphibians, of which salamanders 
are representatives, probably differ much from anuran am¬ 
phibians by virtue of the great investment that male anu- 
rans make in reproductive displays (Ryan et al. 1983, Mac 
Nally 1984a, Taigen & Wells 1985). This leads to greatly 
elevated metabolic expenditure, and also, much negative 
production as breeding males dissipate energy stores as 
the season progresses (Smith 1976, Mac Nally 1981b, 
present paper). A brief comparison demonstrates the im¬ 
pact on energetics of vocal activity. Burton and Likens 
(1975) estimate that the total production of salamanders 
is of the order of 20 kJ ha"‘ yr" 1 , yet the combined dissi¬ 
pation of energy by breeding males of Ranidella is over 
10 4 as much, 260 MJ ha" 1 yr' 1 . Admittedly, much of the 
disparity between these figures is derived from the rela¬ 
tively high concentration of males of Ranidella at breed¬ 
ing sites, but nevertheless, this amount of loss must be 
restored before any positive production can be made. The 
figures for respiration confirm that the high produc- 
tivity:respiration ratios reported by Burton and Likens 
(1975) are unlikely in anurans. The estimated metabolisni 
of salamanders at Hubbard Brook is about 12.5 MJ ha" 
yr* 1 , compared with the figures of males of Ranidella o! 
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Table 6 

Representative Estimates of Standing Crop (kg ha"'), Consumption of Food (MJ ha^yr" 1 ) and Respi¬ 
ration (MJ ha _, yr') in Populations of Terrestrial Vertebrates. 


Faunal type Standing Crop Consumption Respiration Authority 


Avifauna 

0.65 

309.0 

Avifaunas 

0.22-0.53 

371.2-890: 

Avifaunas 

- 

45.4-83.8 

Avifauna 

0.11 

— 

Small mammals 

1.13 

564.0 

Small mammals 

1.02 

747.3 

Small mammals 

0.08-0.81 

71.6-825. 

Uta stansburiana 

0.18 

30.1 

Lizards 

10.0 

508.5 

Snakes 

0.8 

29.2 

Sauromalus obesus 

1.67 

37.7 

Saurofauna 

23.1 

2095.1 

Salamanders 

1.78 

29.4 

Terrestrial anurans 

5.6 

70.3 

Aquatic anurans 

67.6 

780.4 

Syntopic Ranidella 

55 

±233 


508 M J ha" 1 yr"\ of which about two-thirds is due to costs 
of reproductive activity (Table 6). I believe that the preva¬ 
lence of vocalisation as a reproductive activity of male 
anuran amphibians (see Wells 1977) ensures that the ra¬ 
tios of production to respiration in this order will be in¬ 
termediate between values cited for caudate amphibians, 
and those reported for homeothermic vertebrates. Clearly, 
more detailed studies of population dynamics and energy 
expenditure in anuran amphibians are required to examine 
the hypothesis just described. 

Recently, more estimates of the metabolic load of 
vocalisation have become available (Taigen & Wells 1985). 
These studies suggest that the factorial increase during 
call-production may be two to three times as great as the 
value used here. If the factorial increase in Ranidella in¬ 
deed was of the order of 10 to 15 fold, then the disparity 
in productiomrespiration ratios between caudate and anu¬ 
ran amphibians would be even more pronounced. In fol¬ 
lowing sections of this paper, I point out that food 
availability seems unlikely to satisfy demands under the 
assumption of a 4 to 5-fold factorial increase. Therefore, 
any revision to higher loads would only support the no¬ 
tion of limited energy availability with respect to require¬ 
ments. This should be borne in mind when considering 
these sections of the discussion. 


Sources of Energy 

A major observation is that energy reserves contrib¬ 
ute relatively little to the financing of energy expenditure 
of breeding males. That is, less than 10% of the expendi¬ 
ture of a male of R. signifera can be drawn from energy 
reserves, and less than 25% in R. parinsignifera. Congdon 
et al. (1979) deduced that overwintering lizards could gain 
less than 50% of their requirements from energy reserves, 
but if one includes an efficiency of conversion factor of 
about 50%, the lizards would need to accrue more than 
75% of their needs from feeding. Two things are appar¬ 
ent from these observations. First, somatic energy reserves 


214.1 

Holmes & Sturgess 1973, 1975 

438.9-868.6 

Wiens & Nussbaum 1975 

33.1-61.5 

Wiens 1977 

51.7 

Holmes et al. 1979 

419.2 

Chew & Chew 1970 

591.6 

Grodzinski 1971 

47.7-530.1 

French et at. 1976 

10.0 

Alexander & Whitford 1968 

_ 

Darevskij & Terentev 1967 

_ 

Darevskij & Terentev 1967 

18.8 

Nagy & Shoemaker 1975 

1313.6 

Bennett & Gorman 1979 

12.5 

Burton & Likens 1975 

_ 

Darevskij & Terentev 1967 

— 

Darevskij & Terentev 1967 

508 

Present study 


are unlikely to be able to meet the energy requirement; 
of breeding (or indeed hibernating) reptiles and amphib¬ 
ians. This implies that food is likely to be an important 
resource in breeding aggregations, at least for species with 
prolonged breeding seasons (see Wells 1977). Second, dis¬ 
sipation of energy reserves is an unreliable indicator of 
the actual magnitude of energy expenditure of individuals 
during breeding because of feeding at breeding sites. 

The amounts of food that were recovered from the 
stomachs of males can account for only 40% of the energy 
shortfall that they experience daily. This value indicated 
that males must consume at least 2-3 times as much dur¬ 
ing a day to allow them to continue to breed. Johnson 
and Christiansen (1976) performed feeding experiments 
of individuals of Acris crepitans to determine the rates 
at which food passed through the digestive tract. This spe¬ 
cies, which is ecologically similar to the species of 
Ranidella (although somewhat larger, ca 1.2 g compared 
to 0.6 g), has digestion rates of about 8 h, which is in good 
agreement with the length of time that would be neces¬ 
sary to digest the amount of food required by breeding 
males of Ranidella. One concludes that it is possible for 
males of these species of Ranidella to digest and assimi¬ 
late enough food to cover the estimated expenditures of 
energy. 

Comparisons of Individual Reproductive Efforts 

Variables necessary to define reproductive energetics 
of individuals of small species of poikilothcrmic ver¬ 
tebrates are listed in Table 7. Ryan et al. (1983) have sup¬ 
plied a similar table, but more information and modified 
analyses are presented in Table 7. An immediate observa¬ 
tion is that daily mass-specific expenditure on reproduc¬ 
tion (J g" 1 d"‘) varies relatively little despite wide variation 
in length of breeding season, except for females of Uta 
stansburiana, which expend of the order of two to four 
times as much as any other group (Table 7). 

Ryan et al. (1983) reported that the sexes of a neotrop¬ 
ical anuran, Physalaemus pustulosus, differ by more than 
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Table 7 

Comparisons of the Reproductive Expenditures of Males and Females of Small Reptiles and 

Amphibians 


Sex Species 

Mass(g) 

Duration of 
breeding(d) 

Expenditure(kJ) 

kJg- 1 

Jg _l d“* 

o* Uta stansburiana (a) 

3.3 

117 

21.5 

6.5 

56 

1 + 9 Uta stansburiana 

2.3 

117 

44.8 

19.5 

166 

2+9 Uta stansburiana 

2.7 

117 

45.4 

16.8 

144 

9 Desmognathus ochropaeus (b) 

1.0 

c.150 

5.1 

5.1 

34 

9 Physalaemus pustulosus (c) 

1.8 

259 

41.0 

22.8 

88 

o* P. pustulosus 

1.7 

44 

3.3 

1.9 

44 

o* Ranidella (d) 

0.6 

80 

3.7 

6.2 

77 

9 Ranidella^ d) 

0.9 

? 

>2.2 

>2.4 

? 


(a) lizard (Nagy 1982); 

(b) salamander (Fitzpatrick 1973); 

(c) anuran (Ryan et al. 1983); 

(d) anuran (present study, Mac Nally 1982, 1984a). 

an order of magnitude in relation to reproductive expen¬ 
diture. However, two of their critical data may be errone¬ 
ous, and may have contributed to the large imbalance that 
they report. First, they calculated total seasonal expendi¬ 
ture of males on the basis of a 259 d breeding season, 
yet the average duration of reproductive activity of any 
individual male was of the order of 40 d or so. Second, 
they assumed that females of this species produce as many 
as 10 clutches in the 259 d span of time, despite the ab¬ 
sence of concrete Field data with which to substantiate this 
estimate. I make these points because I believe that the 
results of Ryan et al. (1983) may lead to a widespread be¬ 
lief that female anurans always expend much more energy 
on reproduction than conspecific males, and thereby con¬ 
form to patterns believed to occur in homeothermic ver¬ 
tebrates (e.g. Trivers 1972). Results that are presented for 
the two species of Ranidella contradict the conclusions 
of Ryan et al. (1983) (see Table 7). There seems to be rela¬ 
tively little difference between the sexes in Randidella in 
terms of reproductive expenditure (Mac Nally 1984a). 
There are conclusive field data that show that females of 
R. signifera and R. parinsignifera rarely, if ever, produce 
more than a single clutch per year, despite breeding sea¬ 
sons of about 130 d (Humphries 1979). Moreover, the 
daily, mass-specific expenditure of males of Ranidella is 
comparable to that of females of R pustulosus, and about 
twice that of females of Desmognathus ochrophaeus (Ta¬ 
ble 7). 

It seems possible that any disparities of reproductive 
expenditure of the sexes of anurans may be related to the 
nature of the breeding system that is involved (see Wells 
1977). The reasoning behind such an assertion is this. Fe¬ 
males are able to accumulate energy for vitellogenesis over 
a long period of time preceding the actual breeding sea¬ 
son; in fact, females of many species arrive at breeding 
sites with mature complements of ova and deposition 
quickly occurs. In contrast, males are unable to contrib¬ 
ute to their reproductive expenditure in this way, and costs 
are related to duration of reproductive activity. Clearly, 
in explosive breeding systems ( sensu Wells 1977), the time 
available for males to engage in reproductive activity is 


short (say 2 wk), whereas the female investment may coni' 
mence many months prior to breeding. An imbalance is 
to be expected on these grounds. In prolonged breeders, 
of which the two species of Ranidella are representatives, 
the time available for males to expend energy is much eX' 
tended, thereby leading to an elevated likelihood of more 
equal expenditures on reproduction between the sexes. 
Why then, is the more prolonged breeding season of B 
pustulosus associated with an extreme imbalance? The 
most likely reason is that the sexes of this species differ 
in the effective lengths of breeding seasons (see Table 7)* 
Individual males have breeding seasons of effective dU' 
ration of just 7 d (Ryan et al. 1983), characteristic of eX' 
plosive breeders, but individual females continue on fat 
much longer periods, that are more characteristic of sea' 
sons of prolonged breeders. It seems that heavy, seX' 
specific, acoustic-related predation by bats upon males 
leads to such a disparity in duration of breeding by in' 
dividuals of the sexes of P. pustulosus (see Ryan et al. 198l» 
Tuttle & Ryan 1981). 

Food Limitation? 

The impact of the feeding of males of R. signifera anti 
R. parinsignifera is likely to be great because of the inter' 
play of a number of behavioural characteristics of these 
species. First, males are concentrated into narrow bands 
that surround ponds. Males are sedentary, not only dur¬ 
ing the day, but also throughout the breeding season (Mae 
Nally 1979, 1984a, c). Second, there is no trophic or micro' 
habitat segregation between the two species (Mac Nall) 
1983b, 1985). Third, the males do not seem to utilise the 
entire range of potential invertebrate prey taxa that oc¬ 
cupy pond margins (Mac Nally 1983b). If they did so, there 
would be more than six times as much food available t° 
them as there currently is (Mac Nally 1983b). 

The daily requirements of sympatric populations o» 
these species of Ranidella is at least 20% of the standing 
crops of utilised prey taxa. Of course, food limitation will 
be determined not by standing crop, but rather, by th e 
production of the invertebrate prey taxa. No direct meas- 
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urements of productivity currently exist for the site un¬ 
der consideration, but much work has been done on the 
productivity of such invertebrate populations (e.g. Waters 
1977, Banse & Mosher 1980). A reasonable ratio of 
productionrbiomass is about 4.5 (Waters 1977, Banse & 
Mosher 1980). Even a value of this order is insufficient 
to sustain the requirements of the anuran males. One 
should add a caveat here, that the prey availability was 
determined in the year following the four main years of 
study. Clearly, greater reliability would be attained if all 
aspects of the study could be conducted simultaneously. 
I do not believe that the results would be changed materi¬ 
ally, because densities of males were similar in 1981 to 
those in 1977 and 1978 (unpublished observations). 

The model of energy requirements and food availa¬ 
bility that is presented here indicates that food is likely 
to be limited along pond margins. Are there any reper¬ 
cussions that have been observed in populations of these 
species? Clearly, there is no segregation of prey taxa, prey 
size-distribution or microhabitat (Mac Nally 1983b, 1985). 
There is variable temporal overlap (Fig. 1), and it is pos¬ 
sible that the stored energy surplus (E 4 ) enjoyed by males 
of R. parinsignifera over their congeners in 1977 and 1978 
(Fig. 2) allowed them to continue breeding when their con¬ 
geners did not in those years (Fig. 1, Mac Nally 1984b). 

, It would seem to be advantageous to explore the ques¬ 
tion of food limitation by experimentally altering the den¬ 
sities of breeding males of these species of Ranidella . Until 
l such experiments are undertaken, one cannot gauge 
whether the apparent shortages of food are translated into 
effects of densities of males of each species, and hence 
into temporal segregation. 
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RECTIFICATION OF Amphoediceros willisi FEARN-WANNAN (1968) 
GENUS AND SPECIES REMOVED TO Paramoera MIERS (1875) 

By J. L. Barnard 1 and Margaret M. Drummond 2 

'Smithsonian Institution, NHB-163, Washington DC 20560, USA. 

2 Museum of Victoria, 328 Swanston Street, Melbourne, Vic. 3000. 

Abstract: Amphoediceros willisi Fearn-Wannan (1968), originally described as a new species in a new 
genus in the family Oedicerotidae, is removed to the pontogeneiid section of the Eusiridae and relegated 
as a valid species to Paramoera Miers (1875). Amphoediceros becomes a synonym of Paramoera. 


Amphoediceros (new genus) willisi (new species) was 
described by Fearn-Wannan (1968) in the Oedicerotidae. 
We have re-examined the holotype and a paratype in the 
Museum of Victoria and find that this species belongs 
with the pontogeneiid group in the genus Paramoera Miers 
(1875), a common Pacific and antiboreal genus with 35 4- 
species. The species is minutely distinct from any other 
described as based on non-serrate epimera, small gnatho- 
pods with short unlobate wrists, very oblique palms, lack 
of cephalic tooth, small rostrum, uniform pereopods, 
broad, deeply excavate coxa 4, lack of body teeth, deeply 
cleft telson, and strongly setose inner plates of the max¬ 
illae. In addition, this species has one character we have 
not noticed before in the literature: the presence of two 
strong setae (instead of one) on the mandibular molar of 
each side. 

Legends 

Capital letters refer to morphological parts as follows: 
A, antenna; C, coxa; D, dactyl; F, accessory flagellum, 
G, gnathopod; H, head; I, inner plate or ramus; J, inci¬ 
sor and lacina mobilis of mandible; K, calceolus; L, 
labium; M, mandible; N, peduncle; O, outer plate or ra¬ 
mus; P, pereopod; Q, pleopod; R, uropod; S, maxilliped; 
T, telson; W, pleon; X, maxilla; Y, coupling hooks on pleo¬ 
pod; and, Z, gill. 

Lower case letters to the right of capitals or in the body 
of the drawing are descriptive: r, right; s, setae removed; 
t, left; and, v, ventral. 

SYSTEMATICS 

Paramoera, new synonymy 

Paramoera Miers, 1875: 75 ( Paramoera australis Miers, 
1875, here selected). 

Stebbingia Pfeffer, 1888: 110 {Stebbingia gregaria Pfeffer, 
1888, monotypy). 

Auck/andia Walker, 1908: 35 ( Aucklandia enderbyi 
Walker, 1908, monotypy). 

Amphoediceros Fearn-Wannan, 1968: 44 ( Amphoediceros 
willisi Fearn-Wannan, 1968, original designation). 

Rostrum small to medium; eyes reniform (rarely ves¬ 
tigial); lateral cephalic lobes well developed, not sinusoid. 
Antennae of medium length, antenna 1 slightly longer 
than 2, articles 1-3 lacking teeth, progressively shorter or 


article 2 not longer than 1, accessory flagellum small but 
articulate; calceoli of pontogeneiid type 4 (Lincoln & 
Hurley, 1981), present on both pairs of antennae. 

Labrum rounded below, epistome not produced. In¬ 
cisors well toothed; laciniae mobiles distinctive, right bi¬ 
fid, left plate-like and toothed; molar well developed, 
triturative, palp of medium size, article 3 scarcely longer 
than 2, scarcely falcate, setal formula = ACDE or ADE. 
Inner lobes of labium absent. Inner plate of maxilla 1 se¬ 
tose medially, outer plate with II spines, article 2 of palp 
weakly asymmetrical. Plates of maxilla 2 subequal, in¬ 
ner with oblique facial row of setae. Palp article 3 of max¬ 
illiped often with weak hump, dactyl unguiform, with 
apical spine. 

Coxae 1-4 evenly extending, coxa 4 strongly excavate, 
or not; gills on coxae 2-7. Gnathopods weak to moder¬ 
ate, subchelate, palms transverse to oblique, defining 
spines present. Pereopods slender, normally elongate, ar¬ 
ticle 2 moderately expanded, no special lobes. 

Uropod 3 scarcely exceeding uropod 1, ventral process 
on peduncle weak. All rami of uropods well spinose. Tel¬ 
son slightly elongate, cleft, apices weakly to moderately 
notched, some setae long. 

Relationship: Fearn-Wannan (1968) originally placed Am¬ 
phoediceros willisi in the Oedicerotidae, but the pon¬ 
togeneiid character of the calceoli and lack of fossorial 
attributes (including elongation and strong setosity of 
pereopod 7) suggests that this genus belongs with the 
greater eusirid group, divisible, on the basis of calceolar 
structure, into pontogeneiid and eusirid subgroups. The 
form of the calceoli places this species in the pontogeneiid 
group of Lincoln and Hurley (1981). No special charac¬ 
ters of Paracalliopiidae or Exoedicerotidae are present, 
the weak and poorly-rotatable gnathopods being of the 
pontogeneiid kind. 

Though the rostrum is usually small, this species fits 
our new diagnosis of Paramoera above. It cannot be 
placed in Prostebbingia because of the presence of an ar¬ 
ticulate accessory flagellum; nor in Gondogeneia because 
of the reniform eyes and heavily-setose maxillae; nor in 
Pontogeneia; for the latter reason and because of the lack 
of an accessory flagellum; nor in Antarctogeneia because 
of the comparatively short carpi of the gnathopods; nor 
in Tethygeneia because of the absence of a large lobe on 
the carpus of gnathopod 2. 
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Fig. 3 Paramoera willisi, paratype male, 5.45 mm; line near R1 = length of outer ramus on right uropod 1 
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Paramoera willisi (Fearn-Wannan) 

Figs 1-3 

Amphoediceros willisi Fearn-Wannan, 1968: 44-50, figs 
8 - 11 . 

Diagnosis: Rostrum very small; eyes large and black; an- 
teroventral corner of head blunt. 

Inner plates of maxillae 1-2 with 9+ medial or facial 
setae. Article 3 of maxillipeds with apical hump. 

Coxa 4 very broad, deeply excavate. Wrist of gnatho- 
pod 1 about 80 percent, of gnathopod 2 about 75 per¬ 
cent as long as hand, not lobate; hands uniformly 
rectangular, palms very oblique, defined by 7 spines 
medially. 

Epimera convex behind, each with small posteroven- 
tral tooth, no other serrations; epimeron 2 with only 2 
ventral spines. 

Article 2 of pereopods 5-7 uniform, expansion and 
lobes of medium size. 

Telson cleft about three fourths, each lobe with single 
apical notch, no other serrations, apical seta in each notch 
short, each lobe with pair of medium setae laterally, sub- 
basal setule pair at M. 45, other scattered dorsal setae 
present. 

Description of Paratype: Male, 5.45 mm, eyes purplish- 
black in alcohol. One calceolus on article 3 of peduncle 
of antenna 1 near base of accessory flagellum; calceoli 
on flagellar articles irregularly alternating in position, ven- 
trally situated on articles 3, 5, 7, 9, 11, 13 (rudimentary 
on 15), medially on articles 4, 6, 8. Antenna 2 with one 
dorsomedial caleolus on article 5 of peduncle; flagellar 
articles with one mediodorsal calceolus each on articles 
4, 6, 8, 10, 12, one medial each on articles 2, 3, 4, 7, 9, 
11, 13, 15. 

Bifid right lacinia mobilis with third crotch tooth, 
rakers about 7 with smaller interrakers, molar with basal 
chisel-hump and 2 molarial setae. Spines on right palp 
of maxilla 1 smaller than illustrated left maxilla 1. Inner 
plate of maxilla 2 bearing facial setae; inner margin lack¬ 
ing all but thin straw-setules. Inner plates of maxilliped 
with 3 stout apical spines; dactyl with accessory setules 
at base of nail. 

Coxae 1-4 with fan of external facial setules. Pereo¬ 
pods 3-4 with one locking spine each, pereopods 5-7 each 
with 2; pereopod 4 smaller than pereopod 3. Propodi of 
gnathopods 1-2 with beaded callus behind defining corner 
on ventral margin. 

Plcopods well developed, rami about as long as pedun¬ 
cle, outer scarcely longer than inner, length ratios of 
peduncle, outer ramus and inner ramus for pleopod 1, 60- 
-65-60; pleopod 2, 62-62-60, pleopod 3, 53-59-56; each 
peduncle with 2 coupling hooks; apical peduncular spines 
on pleopods 1-3, 0-1-2; pleopod 3 also with blunt super¬ 
numerary finger-like spine apically; articles on outer and 
inner rami of pleopod 1, 14-11, pleopod 2, 14-12, pleo¬ 
pod 3, 13-11; setae on outer and inner margins of article 
1 on outer and inner rami, pleopod 1, 7-2-1-5, pleopod 
2, 5-2-1-5, pleopod 3, 4-2-1-5; on each pleopod, 3 of the 
5 basomedial setae of clothespin type; outer ramus of each 
pleopod with locking cusp basally. 


Each epimeron with convex posterior margin and weak 
posteroventral tooth, ventral spines on epimera 1-3, 0-2- 
5. Besides spines, medial margin of inner ramus on uro- 
pod 3 with several setae. Telson with 2 rows of dorsal male 
denticles. 

Illustrations: Magnification of maxilla 2 much lower 
than of maxilla 1. Line next to outer ramus of uropod 
1 representing same ramus on right uropod 1. 

Material: Museum of Victoria J156, paratype, male, 5.34 
mm. Port Phillip Bay, March 1963. Holotype observed 
but not dissected. 

Relationship: All 35 species, known to July 1985, of 
Paramoera and various dubious references to other pos¬ 
sibly distinct species have been studied in the literature. 
Paramoera willisi appears to be distinct from all known 
species based on their modern concepts. Distinctions from 
some of the closer morphotypes are discussed below. 

Paramoera willisi is not identical with: 

R australis Miers (1875) (see Stebbing, 1888) because 
of the lack of multiserrations on epimeron 3, the much 
more oblique palm of gnathopod 2, the much broader 
coxa 4, and the narrower article 2 of pereopods 5-7; 

P. chevreuxi (Stephensen, 1927) because of the smooth 
posterior margin of the epimera and the shorter, unlo- 
bate carpi of the gnathopods; 

R rangatira J. L. Barnard (1972) because of the weak 
spination on epimeron 2, small rostrum and lack of large 
telsonic spine; 

R austrina Bate (1862) because of the more oblique 
palm on gnathopod 1 and the non-lobate carpi of the 

gnathopods; „ . . . 

P. austrina identification by Bellan-Santim and 
Ledoyer (1974) because of the broader coxa 4, oblique 
palms of the gnathopods, less robust propodus of gnatho¬ 
pod 1 and lack of cephalic tooth; 

P. sche/lenbergi Nicholls (1938) because ol the absence 
of a lobe on the carpus of gnathopod 2, more oblique 
palm of gnathopod 2, less robust propodi of the gnatho¬ 
pods and more strongly setose inner plates of the maxillae; 

R koreana Stephensen (1944) in the absence of cephalic 
tooth, stronger setation on the inner plate of the maxil¬ 
lae, deeper cleft of the telson, non-diverse article 2 of 
pereopods 5-7 and broader coxa 4; 

P. brevirostrata (Bulycheva 1952), (described in the ge¬ 
nus Pontogeneia on the basis ol poor setation on max¬ 
illa 2) in the lack of cephalic tooth and shorter carpus 
of gnathopod; 

P. columbiana Bousfield (1958) in the shorter carpus 
of gnathopod 2, slightly deeper cleft of telson, stronger 
setation on maxillae, absence of sharp cephalic corner and 
deeply excavate broader coxa 4. 

Paramoera willisi appears to be rather close to the 
widely distributed antiboreal R capensis (Dana, 1853) 
(=assimilis Stebbing, 1888) but lacks multiserrations on 
the telson, has indistinctly lobate gnathopodal wrists, a 
more oblique palm on gnathopod 2, and article 2 of pereo¬ 
pods 5-7 is more weakly lobate. 

The description of the east Siberian freshwater R 
udehe (Derzhavin, 1930) fits P. willisi but many charac¬ 
ters of that species are unknown. 
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STUDIES ON WESTERN AUSTRALIAN PERMIAN 
BRACHIOPODS 7. THE STROPHALOSIID GENERA 
WYNDHAMIA BOOKER, 1929, LIALOSIA MUIR-WOOD AND 
COOPER, 1960 AND LIVERINGIA GEN. NOV. 

* By N.W. Archbold 

Department of Geology, University of Melbourne, Parkville, Victoria 3052. 

Abstract: Strophalosiid brachiopods of the genera Wyndhamia, Lialosia and Liveringia gen. nov., 
from the Permian sequences of Western Australia, are revised and described. The new genus Liveringia 
is diagnosed and the following species described or revised: Wyndhamia colemani sp. nov., Wyndhamia 
multispinifera (Prendergast), Lialosia kimberleyensis (Prendcrgast) and Liveringia magnifica gen. el. sp. 
nov. Additional material referred to Wyndhamia with a query is briefly described and figured. 

Specimens from the Bowen Basin, Queensland and from New Zealand, previously assigned to the Western 
Australian species Echinalosia prideri (Coleman), are assigned to Echinalosia denisoni sp. nov. 


Strophalosiid brachiopods are abundant in the marine 
Permian faunas of Western Australia. This paper 
continues the series of studies on Western Australian 
Permian brachiopods (Archbold 1986) and documents the 
remainder of the representatives of the family 
Strophalosiidae. The strophalosiids described herein come 
from various Permian stratigraphical horizons within the 
Perth, Carnarvon, Canning and Bonaparte Gulf Basins 
(Archbold 1981, fig. 1). The Permian stratigraphy of these 
basins is documented in references referred to in Archbold 
(1981, p. 109) and the basis for age assignment of species 
and correlations is the same as that utilized in recent 
studies of Western Australian Permian spiriferid 
brachiopods (Archbold & Thomas 1985, 1986a, fig. 2). 

Several of the species described herein are useful for 
interbasinal correlation, notably Wyndhamia colemani sp. 
nov., W. multispinifera (Prendergast) and Lialosia 
kimberleyensis (Prendergast). Terminology is standard as 
in previous studies and follows that used by Muir-Wood 
(1965) and Sarycheva (1970). 

COLLECTIONS 

All figured and measured specimens are housed in the 
following institutions as indicated by the prefix to the 
registered numbers. CPC— Commonwealth 
Palaeontological Collections of the Bureau of Mineral 
Resources, Geology and Geophysics, Canberra, A.C.T. 
GS WA — Geo¬ 
logical Survey of Western Australia, Perth, Western 
Australia. 

All figured specimens of new species, other than 
holotypes, are paratypes. 

SYSTEMATIC PALAEONTOLOGY 

Order Productida Sarycheva & Sokolskaya 1959 
Suborder Strophalosiidina Waterhouse 1975 
Superfamily Strophalosiacea Schuchert 1913 
Family Strophalosiidae Schuchert 1913 
Subfamily Strophalosiinae Schuchert 1913 


Discussion: The subfamilial and familial classification of 
strophalosiid brachiopods has been outlined in Archbold 
(1986) and will not be repeated here. This paper describes 
representatives of the genera Wyndhamia Booker (1929), 
Lialosia Muir-Wood and Cooper (1960) and Liveringia 
gen. nov. 

Genus Wyndhamia Booker, 1929 
= Branxtonia Booker, 1929 

Type Species: Wyndhamia dalwoodensis Booker (1929), 
from the Elderslie Formation, near Branxton, New South 
Wales, by original designation (see McClung 1983, p. 73). 

Discussion of Type Species: The lectotype, a ventral valve 
internal mould (Australian Museum F41767) was selected 
by Waterhouse (1964, p. 50) and figured by Booker (1929, 
pi. 1, fig. 2). As noted by Clarke (1970a, p. 42) selection 
of AMF 41767 has ensured stable nomenclature. Booker 
(1929) originally described three species (in the order W. 
dalwoodensis , W. valida and Branxtonia typica) which 
have been regarded as conspecific by subsequent workers 
(Maxwell 1954, Waterhouse 1964, Clarke 1970a). 
Wyndhamia dalwoodensis is thus the senior subjective 
synonym of the other two species by page priority within 
Booker (1929). 

Diagnosis: Large, usually subquadrate at maturity, 
strophalosiids with the dorsal valve thickened anteriorly 
like a wedge. Spines erect and semi-recumbent on ventral 
valve, fine and erect on dorsal valve. Dorsal valve also with 
concentric lamellae and often with elongate dimples. Teeth 
large. Brachial ridges prominent. Width of posterior shell 
margin approaches maximum shell width at maturity in 
many species. 

Discussion: Wyndhamia , originally proposed as a 
subgenus of Strophalosia by Booker (1929) was accepted 
as a subgenus by Prendergast (1943, p. 40) and 
Zavodovskiy (1960a, 1960b) unlike Maxwell (1954) who 
regarded Wyndhamia as a synonym of Strophalosia. Muir- 
Wood and Cooper (1960) differentiated the genus from 
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Strophalosia on the nature of the spinose ornament of 
Wyndhamia and Muir-Wood (1965) considered that the 
dorsal valve of Wyndhamia was usually dimpled and 
non-spinose. 

Waterhouse (1964, 1969, 1982) stressed the anteriorly, 
heavily-thickened dorsal valve in his diagnosis of the 
genus, a feature disputed by Clarke (1970a) who regarded 
Echinalosia Waterhouse (1967) as a junior synonym of 
Wyndhamia. Clarke considered that “a wedge shaped 
dorsal valve is a natural consequence of strophalosiid 
morphology where the internal surface of the valve 
remains almost flat and is geniculated against a short trail, 
whereas the external surface maintains a fairly even 
concavity” (Clarke 1970a, p. 21). Clarke subsequently 
accepted the validity of both Wyndhamia and Echinalosia 
(eg. in Clarke & Farmer 1976). McClung (1983, pp. 71, 
73) has reviewed the genus and its occurrence in the eastern 
Australian Permian and listed seven distinct species with 
two additional subspecies. Waterhouse (1982, p. 128) has 
summarized occurrences in New Zealand and up to five 
separate species of Wyndhamia may be present in the New 
Zealand Permian. Two, with a possible third, species of 
strophalosiids from Western Australia conform to a 
restricted diagnosis of Wyndhamia and hence support the 
incorporation of the anterior thickening of the dorsal valve 
in the diagnosis of the genus. 

Species of Echinalosia Waterhouse share morpho¬ 
logical features with species of Wyndhamia (McClung 
1983). Nevertheless Echinalosia are usually smaller and 
are more circular or subtrigonal in outline than 
Wyndhamia because of the shorter hinge line of 
Echinalosia. 

The relationship of Wyndhamia to Pseudostrophalosia 
Clarke (1970) requires clarification. Pseudostrophalosia 
was based on two specimens (not one as in Waterhouse 
1982, p. 39) one of which is the holotype of Strophalosia 
brittoni Maxwell (1954). The holotype (UQF15657), as 
clearly stated by Clarke (1970, p. 986), is an internal mould 
of a ventral valve and possesses dendritic posterior 
adductor scars. Dendritic posterior ventral adductor scars 
were stated to be the generic feature of Pseudostrophalosia 
by Clarke (1970a, p. 48) although Waterhouse (1982, p. 
39) stated that Clarke did not indicate which valve he was 
describing. Waterhouse (1978), as alluded to in Archbold 
(1983, p. 246), indicated that dendritic ventral adductor 
scars develop late in the ontogeny of the Strophalosiidae 
as in other productid families. Weakly-dendritic ventral 
adductor scars are developed in gerontic Wyndhamia 
colemani sp. nov. and so Wyndhamia is regarded by me 
as probably being a senior subjective synonym of 
Pseudostrophalosia as in Waterhouse (1982). Waterhouse 
(1986b, p. 28) has subsequently indicated that details of 
the dorsal valve thickening and the ventral ear spines may 
justify recognition of the genus. 

Wyndhamia is morphologically close to the new genus 
Liveringia in terms of size, shape and development, of 


muscle scars and brachial ridges but details of external 
ornament readily differentiate the two genera. Both 
Liveringia gen. nov. and a new genus represented by 
Wyndhamia circularis Chang (in Chang & Ching, no\' r 
Zhang & Jin 1976) are probably descendants of Wynd¬ 
hamia. Zhang’s species was referred to by Waterhouse 
(1983, p. 147) as Megalosia circularis. The description of 
Megalosia is currently in press (Waterhouse, pers. comm- 
15- 01-87). 

Arcticalosia Waterhouse (1986a, p. 2) was differentiated 
from Wyndhamia on the basis of having only one grade 
of spines over the ventral valve whereas Wyndhamia was 
said to have coarse and fine spines over its ventral valve- 
However the superbly-preserved Western Australian, 
material illustrated herein indicates that ventral spines may 
be essentially coarse (as in W. colemani sp. nov.) or fine« 
(as in W. multispinifera). Arcticalosia may be of use as 
a subgenus of Wyndhamia , characterised by fine ventral' 
spines, when the full details of the ventral spine pattern 
of W. dalwoodensis , the type species of Wyndhamia , are 
known. 

Generic Distribution: Described species show that the 
genus has a disjunct (or bipolar) distribution during the 
Permian. It is known from Asselian/Tastubian to 
Kazanian faunas of eastern Australian (Clarke 1970a, De3 r 
1971, 1972); Baigendzhinian to Kazanian faunas of Ne' v 
Zealand (Waterhouse 1982); Baigendzhinian afld 
Kungurian faunas of Western Australia (as described 
herein); Kazanian faunas of northern Siberia (TaimV f 
Peninsula) and Early Tatarian faunas of northeastern 
Siberia (Zavodovskiy 1960a, 1960b, Grigor’eva, 1977); and- 
Kazanian faunas of Arctic Canada (Waterhouse 1967a- 
1969). 

Wyndhamia colemani sp. nov. 

Figs. 1A-P, 2A-N, 3A-F 

1967 Strophalosia sp. nov., Condon, p. 149. 

1972 Strophalosia sp. Dickins, p. 94. 

1976 Wyndhamia , Waterhouse, p. 99. 

1981 Wyndhamia sp. nov., Archbold, p. 121. 

1986 Wyndhamia sp. nov., Archbold, p. 110. 

Etymology: For Dr. P. J. Coleman, substantia* 
contributor to the knowledge of Western Australia! 1 
Permian Productida. 

Holotype: CPC26416, a complete articulated shell fron 1 
the Madeline Formation, Carnarvon Basin (Fig. 1A-H)* 

Material, Localities and Age: Specimens as figured and 
measured in addition to abundant material from th c ’ 
Madeline Formation, Carnarvon Basin, in the collection' 
of the Bureau of Mineral Resources, Geology and Geo ' 
physics, Canberra. CPC24413, 24414, 26416, 26418, 26419- 
26421, 26422, 2 complete shells, 2 ventral valves, 2 dorsfl* 
valves and an internal mould of a complete shell all fron 1 
BMR locality WB169, 6.6 km on a bearing of 205° fron 1 


Fig. 1—A-P, Wyndhamia colemani sp. nov. All from Madeline Formation, Carnarvon Basin. A-H, holo¬ 
type, CPC 26416, complete shell in dorsal, ventral, lateral, ventral interior, ventral posterior, dorsal in¬ 
terior, dorsal profile and dorsal posterior views, all x 1.1-J, CPC 24413, dorsal valve interior and posterior 
views, xl and xl.3 respectively. K-M, CPC 24414. dorsal valve interior, profile and posterior views, all 


x 1.2. N, CPC 26417, shell in ventral view, x 1. O-P, CPC 26418, ventral valve in dorsal and antero-dorsal 

views, x 1. 
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Mt. Madeline. CPC26417, 26420, 2 complete shells from 
BMR locality WB11, 2.4 km on a bearing of 143° from 
Mt. Madeline. All the above from the upper member of 
the Madeline Formation (above the levels with Echinalosia 
prideri). Carnarvon Basin (Condon 1967, p. 149). 
CPC26423-26428, 3 ventral valves and 3 dorsal valves from 
BMR locality 627/1, Lat. 14°26\ Long. 129°43', 11.5 km 
north-north west of Table Hill, Port Keats District, 
Northern Territory, unnamed limestone, lower marine 
beds, Port Keats Group, Bonaparte Gulf Basin. 

All early Baigendzhinian (Middle Artinskian). 

Size Ranges: A total of 17 specimens (including the 
figured specimens) were measured. Hinge width, 17.8-30.4 
mm; maximum width, 33.9-52.5 mm; ventral valve height, 
29.4-51.5 mm; dorsal valve height, 26.6-40.6 mm; 
thickness, 9.3-25.6 mm; ventral valve interarea height, 1.9- 
3.1 mm; dorsal valve interarea height, 1.1-2.3 mm. 

Diagnosis: Large Wyndhamia , transversely oval to 
subquadrate in outline. Ventral valve evenly convex or 
rarely with shallow' sulcus; with abundant body spines. 
Spines moderately coarse with relatively short spine bases. 
Dorsal valve concave with distinctly convex internally 
visceral disc; distinctly geniculate with rounded trail. 

Description: Shell large, outline transversely oval to 
subquadrate. Ventral valve moderately convex with 
convexity being more pronounced at lateral and anterior 
margins of valve. Ventral valve usually evenly convex over 
visceral disc, a few' specimens possess distinct, shallow 
sulcus —best seen in oblique light. Hinge line straight, 
hinge itself being up to two-thirds maximum width of shell 
at mid-length of shell. Posterior of valves straight, parallel 
to hinge; this imparts straight margin, some seven-eighths 
of maximum shell width, which heightens subquadrate 
outline of mature shells. Ears developed but not clearly 
demarcated from remainder of valves. Ventral umbo 
moderately distinct despite being flattened by umbonal 
cicatrix (largest measured cicatrix 5.4 mm wide). Ventral 
interarea distinct, low, considering size of shells, bisected 
by small delthyrium w'hich is filled by gently convex 
pseudodeltidium. Ventral interarea striated parallel to 
hinge line. 

Exterior ornamentation of ventral valve consists of 
spines and concentric grow th lamellae; latter best seen on 
anterior of valve. Spines thickly clustered along hinge, ears 
and posterior lateral margins where they are erect (at low 
angle to valve), project beyond margin of shell away from 
umbo. Posteriorly, spines coarse (up to 1.3 mm thick at 
base), usually curved; up to 13 mm long, spaced at 6 to 
7 per cm on mature shells in 3 or more ill-defined rows. 
Body spines arranged subquincuncially on juvenile and 
submature stages of growth, concentrically on anteriors 
of mature valves; only slightly finer than corresponding 
posterior spines but coarsen anteriorly on valve. Body 
spines relatively numerous (about 20 per cm 2 at 2 cm from 


umbo), spine bases normally short. Spine bases up to 1.2 
mm wide on anterior of large valves. Body spines long 
(the longest measured being 7 mm), sub-erect. 

Exterior ornament of dorsal valve consists of distinct, 
widely-spaced concentric growth lamellae, numerous fine 
spines and distinct dimples. Spines arranged in concentric 
rows, fine (thickest spine measured 0.4 mm wide), delicate 
and up to 3 mm long. Slight decortication of valve 
(dimples, growth lamellae still present) removes all trace 
of spines. Dimples tend to be circular, arranged in 
concentric rows imparting subquincuncial arrangement. 
Capillae not present on dorsal exterior. 

Ventral teeth strong, robust, divergent. Marginal ridge, 
stepped down from hinge, developed either side of teeth, 
persists only until alar extremities. Adductor muscle scars 
elongate, bisected by low median ridge which is higher 
posteriorly; smooth with faint lines of growth, rarely 
feebly dendritic anteriorly. Diductor muscle scars large, [ 
flabellate, posteriorly smooth, anteriorly densely striated; 
extend further anteriorly than adductor marks. Remainder , 
of valve finely pitted, striated, with minute pustules 
developed anteriorly. Trail demarcated from visceral disc 
by low marginal ridge which trail of dorsal valve fits snugly 
against. Exterior spines open into valve interior around 
perimeter of valve. 

Dorsal valve geniculate, geniculated angle being curved 
up to 65° from anterior of distinctly internally convex 4 
visceral disc. Dorsal interarea possesses small chilidium. 
Dorsal adductor scars smooth, bisected by median septum 
so that each triangular shaped. Anterior components of 
adductor scars raised above level of visceral disc, posterior 
components depressed, hence lower than level of visceral 
disc. Brachial ridges distinct, arise close to anterior of 
posterior components of adductor scars; broadly semi¬ 
circular, hook back sharply at anterior extremities. Region 
of brachial ridges smooth. Cardinal process strong, erect. I 
extends behind hinge, co-planar with dorsal interarea. | 
Cardinal process quadrilobed interiorly, prominent - 
median lobe divided by deep groove; lateral lobes of 
process small, may project widely from central lobe. 
Cardinal process arises from strongly-developed median | 
septum; pair of small marginal ridges run laterally, at ^ 
small angle to hinge, from process but they do not appear [ 
to be significant for support of process. Transversely oval f 
marginal ridge arises at hinge line behind deep, wide l 
sockets; encircles visceral disc. Median septum strong, I 
sharp, high, extends anteriorly for some two-thirds of \ 
valve length. Valve finely pustulose between brachial ridges 
and marginal ridge. Trail of valve minutely pustulose. r 

Discussion: The above description of W. colemani sp. nov. I 
is based on beautifully preserved, articulated shells | 
complete with spinose exteriors. W. multispinifera 
(Prendergast) can be distinguished from W. colemani sp. 
nov. by means of its more rounded outline, somewhat finer 
and denser ventral spines and its gently concave dorsal 


Fig. 2—A-N, Wyndhamia colemani sp. nov. All from Madeline Formation, Carnarvon Basin. A-D, N, CPC 
26419, ventral valve in ventral, antero-dorsal, dorsal, anterior and posterior views, xl. E-F, CPC 24414, 
ventral valve in ventral and dorsal views, Xl. G-H, L, CPC 26420, shell in posterior, ventral and dorsal 
views, xl. 1-K, CPC 26421, internal mould of shell in dorsal, ventral and posterior views, xl. M, CPC 

26422, dorsal valve interior view, xl. 
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valve with a flattish visceral disc. The interior geniculation 
of the dorsal valve of IV. multispinifera is much sharper 
than that of W. colemani sp. nov. which is rounded. 

Arctic Canadian species of Wyndhamia (Waterhouse 
1969) possess relatively flat dorsal valves and either a long 
hinge line or finely spaced, delicate ventral spines as 
discussed below under W. multispinifera and hence are 
not close to W. colemani sp. nov. 

Wyndhamia appears to be a feature of Kazanian and 
younger faunas of north-eastern Siberia and the Taimyr 
Peninsula (Grigor’eva 1977). W gijigensis Zavodovskiy 
(1960a) and W. chivatschensis Zavadovskiy (1960b, see also 
Zavadovskiy & Stepanov 1971 and Grigor’eva 1977) are 
large species, from the Early Tatarian (Chhidruan?) 
Khivach suite, which may be synonymous (Grigor’eva 
1977). The Siberian species are close to W. colemani in 
details of the morphology of the dorsal valve spinosity 
and concavity (see Grigor’eva 1977, pi. 4, figs 11, 12, 15). 
Strophalosia multituberculata Ustritskiy (1963, in 
Ustritskiy and Chernyak 1963, p. 96, pi. 22, figs 1-5) may 
be allied to Wyndhamia (Grigor’eva 1977) and comes from 
the Kazanian of the Taimyr Peninsula. It is a transverse 
species with a heavily dimpled and finely spinose dorsal 
valve. 

Wyndhamia species are widely known from the 
Permian of eastern Australia (Booker 1929, Waterhouse 
1969, Clarke 1970a, Dear 1971, Clarke & Farmer 1976) 
and New Zealand (Waterhouse 1964, Waterhouse & Vella 
1965, Waterhouse 1982) where species have relatively flat 
dorsal valves (compared with W. colemani sp. nov.) as 
shown in Booker (1929, pi. 2, figs 1, 2), Clarke (1970a, 
pi. 8, fig. 5) and Dear (1971, pi. 3, figs 8, 10) for transverse 
species with outlines closer to that of W. colemani sp. nov. 
and Clarke (1970a, pi. 8, fig. 7) and Dear (1971, pi. 3, 
figs 1, 3) for species with an elongate outline. 

One feature well shown by W colemani sp. nov. is the 
distinct dimpling of the dorsal valve exterior. This is a 
characteristic feature of at least some Wyndhamia species 
(see Booker 1929, pi. 1, fig. 5; pi. 3, fig. 7; McClung 1983, 
fig. 15: 7, 9) and varies from species to species. W. 
colemani sp. nov. has relatively coarse dimples (like those 
of W. dalwoodensis or W. sphenarctica Waterhouse, 1969, 
pi. 8, fig. 13) that are widely spaced (like those of 
Wyndhamia antarctica Freeh, 1898, pi. 4, figs 9a, 9b). The 
dimples of W. multispinifera (Prendergast) are much 
smaller than those of W colemani sp. nov. and are closely 
spaced. Poorly-preserved specimens from an unnamed 
limestone of the Bonaparte Gulf Basin, that are referred 
to W. colemani sp. nov. herein, possess the characteristic 
dimpling of Madeline Formation representatives of the 
species. 


Wyndhamia multispinifera (Prendergast, 1943) 

Figs 3G-Q, 4A-F 

1943 Strophalosia darker. Prendergast, p. 42, pi. 15, fig. 4. 
1943 Strophalosia multispinifera Prendergast, p. 50, pi. 
5, figs 6-8. 

1957 Strophalosia multispinifera Prendergast, Coleman, 
p. 114, pi. 18, figs 3-14. 

1958 Strophalosia multispinifera Prendergast, Guppy et. 
al. t p. 48. 

1967 Strophalosia multispinifera Prendergast, Condon, 
p. 169. 

Holotype: UWA 20458, a worn ventral valve from scarp 
3.2 km east of Christmas Creek Homestead, West 
Kimberley District, Noonkanbah Formation, Canning 
Basin. 

Material, Localities and Age: Specimens as figured and 
measured in addition to abundant material from the 
Noonkanbah Formation in the collections of the Bureau 
of Mineral Resources, Geology and Geophysics, Canberra. 
CPC 24412, a submature dorsal valve from BMR locality 
KNF 73, 3.5 km on a bearing of 288° from Bruten’s Old 
Yard, Cherrabun Station, type section of Noonkanbah 
Formation at 225 m above base. CPC 24410, 24411, 26432, 
2 ventral valves and 1 dorsal valve from BMR locality KNF 
76A, 6.9 km at a bearing of 298° from Bruten’s Old Yard, 
Cherrabun Station, type section of Noonkanbah 

Formation at 357 m above base of formation. CPC 26430, 
26431, a ventral valve and 1 dorsal valve from BMR 
locality KNF 77A, northwest of Bruten’s Old Yard, 
Cherrabun Station, type section of Noonkanbah 

Formation. All above Canning Basin. CPC 26429, an 
incomplete dorsal valve from BMR locality G298, 4 km 
northeast of Black Hill Well, 9 km northeast (approx.) 
of Walbarune Peak, 62 m above base of Nalbia Sandstone, 
Carnarvon Basin. Specimens from the Cundlego and 
Wandgee Formations of the Carnarvon Basin were well 
figured by Coleman (1957, pi. 18, figs 5-12, 14). 

Noonkanbah, Cundlego and Wandagee Formation 
specimens are Late Baigendzhinian (Late Artinskian). 
Nalbia Sandstone occurrences are Early Kungurian. 

Size Ranges: A total of 31 specimens (including the 
figured specimens) were measured. Hinge width, 19.5-37.0 
mm; maximum width, 33.3-51.9 mm; ventral valve height, 
33.2-47.5 mm; dorsal valve height, 27.3-39.2 mm; 
thickness, 13.3-21.5 mm, ventral valve interarea height, 
2.5-3.9 mm; dorsal valve interarea height, 1.8-2.9 mm. 

Diagnosis: Large Wyndhamia, transverse to subcircular 
in outline. Ventral valve with median flattening or shallow 


Fig. 3—A-F, Wyndhamia colemani sp. nov. A-F, from unnamed limestone, Lower Marine Beds, Port Keats 
Group, Bonaparte Gulf Basin, Northern Territory. A, CPC 26423, ventral valve in ventral view, xl. B, 
CPC 26424, ventral valve in ventral view, xl. C, CPC 26425, decorticated dorsal valve, interior view, xl. 
D, CPC 26426, ventral valve in dorsal view, xl. E, CPC 26427, decorticated dorsal valve, interior view, 
x 1.2. F, CPC 26428, dorsal valve, interior view, x 1. G-Q, Wyndhamia multispinifera (Prendergast). G-K, 
P-Q, from Noonkanbah Formation, Canning Basin; L-M, from Nalbia Sandstone, Carnarvon Basin. G-H, 
CPC 24410, ventral valve in ventral and posterior views, x 1. I-K, CPC 24411, ventral valve in dorsal, ven¬ 
tral and antero-dorsal views, xl. L-M, CPC 26429, dorsal valve, interior and profile views, xl.2. P-Q, 
CPC 24412, submature dorsal valve in posterior and internal views, xl. N-O, Wyndhamia'l sp. A, from 
Mingenew Formation, Perth Basin. N-O, GSWAF 11048, internal mould of dorsal valve, xl.2, latex cast 

of mould, xl.3. 
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Fig. 4 - A-F, Wyndhamia multispinifera (Prendergast). All from Noonkanbah Formation, Canning Basin. 
A, D-E, CPC 26430, ventral valve in ventral, anterior and posterior views, xl. B, CPC 26432, dorsal valve, 
interior view, xl. C, F, CPC 26431, dorsal valve in dorsal and interior views, XL 


sulcus. Ventral body spines fine, closely spaced with 
radially elongate spine bases. Dorsal valve gently concave 
to flattish if transverse, moderately concave if more 
elongate; low median fold rarely present. Dorsal visceral 
disc flattish or internally slightly convex. Dorsal valve 
sharply geniculate at abrupt angle anteriorly. 

Description: Shell large with outline transverse to 
subcircular. Ventral valve moderately convex with 
convexity being more pronounced at lateral and anterior 
margins of valve. Region of median flattening or shallow 
sulcus present. Hinge line straight, ranging from two thirds 
to three quarters of maximum width. Ears poorly 
developed or absent. Ventral umbo not prominent, being 
flattened by small umbonal cicatrix. Ventral interarea 
distinct, bisected by small delthyrium filled by triangular, 
gently convex or almost flat, pseudodeltidium. 

Exterior ornamentation of ventral valve consists of 
spines and well-spaced concentric growth lamellae. Spines 
numerous (up to 35 per cm 2 ), being fine, elongate, sub¬ 
erect, arranged quincuncially on juvenile and submature 
ontogenetic stages, becoming slightly coarser and 
concentrically arranged on anterior of mature valves. 
Anteriorly, spine bases become elongated, may be up to 
1 mm in diameter. Dorsal valve also carries concentric 
lamellae and fine spines, finer than those of ventral valve. 
Dorsal spines arranged in concentric rows. Dorsal valve 
exterior also with fine, closely spaced, elongate dimples. 

Ventral teeth strong, divergent. On either side of teeth, 
marginal ridge present, stepped-down from hinge; it 
persists only a few millimetres past alar extremities. Ventral 
adductor muscle impressions elongate, smooth; diductor 
scars longitudinally striated, large, flabellate, extend 
further anteriorly than adductor marks. 


Dorsal valve flattish or gently concave if transverse 
or moderately concave if more elongate; low median fold 
rarely present. Dorsal valve strongly geniculate anteriorly 
with geniculation angle being large, often close to right 
angle. Internal visceral disc flattish or gently convex* 
Dorsal interarea with small chilidium. Dorsal adductor 
scars smooth, split by median septum so that each 
triangular shaped. Each scar raised anteriorly, level with 
the interior surface posteriorly. Brachial ridges distinct* 
Cardinal process strong, erect, extends behind hinge, co- 
planar with dorsal interarea. Cardinal process trilobed to 
quadrilobed interiorly, depending on strength of groove 
dividing prominent median lobe; lateral lobes small* 
Process arises from junction of median septum, which 
is thin and about two-thirds valve length, and pair of 
marginal ridges which run laterally at small angle to hinge* 
Marginal ridge flattened near alar extremities, becomes 
more prominent laterally and anteriorly, encircles visceral 
disc. 

Discussion: The above description is based on larg e 
collections from the type section of the Noonkanbah 
Formation. Coleman’s (1957) specimens from the 
Cundlego and Wandagee Formations conform well with 
the material at hand, particularly in details of the fine 
body spines and the cluster of fine spines over the poorly' 
developed ears (Coleman 1957, pi. 18, figs 11, 12). 

W. colemani is distinguished from W. multispin if erf 
by its more subquadrate outline, coarser ventral spines? 
generally more concave dorsal valve and coarser dorsal 
dimples that are more widely spaced. 

The relatively flat dorsal valve of transverse % 
multispinifera and the fine ventral spines recall those of 
W. unispinosa Waterhouse (1969, pi. 9, figs 1, 8), the typ e 
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species of Arcticalosia Waterhouse (1986a), from Arctic 
Canada, which also possesses a shallow ventral sulcus and 
low dorsal fold on some specimens. However the fine 
ventral spines of W. unispinosa are closely spaced and the 
ears of the species are more clearly developed than those 
of W. multispinifera. 

Wyndhamia? sp. A 
Fig. 3 N-O 

Material, Locality and Age: GSWAF 11048, 11049, one 
incomplete mould of a dorsal valve interior and one 
external mould of a dorsal valve and ventral interarea, 
from 4.8 km west of Arrino township (see map in Edgell 
1965, pi. 33), from Mingenew Formation, Perth Basin. 
Early Baigendzhinian (Middle Artinskian). 

Measurements: In mm. e=estimate. 


Specimen 

Maximum 

Hinge 

Ventral 

Dorsal 

Number 

width 

width 

height 

height 

GSWAF 11048 

40.0e 

25.Oe 

— 

- 

GSWAF 11049 

37.0 

26.0 

30.0 

25.5 


Description: Shell outline transversely oval with hinge 
line being over two-thirds maximum shell width. Ventral 
interarea distinct, carries small pseudodeltidium. Dorsal 
valve exterior apparently smooth but one or two small 
pustules may indicate spine bases or be artifacts of worn 
dorsal exterior before preservation. Dorsal interior carries 
short, stout median septum arising from base of cardinal 
process and continuing anteriorly, bisecting adductor scars 
similar to those of W. colemani sp. nov., but not 
continuing anteriorly of adductor scars. Marginal ridge 
and brachial ridges developed posteriorly (anterior of 
dorsal interior not known). Sockets deep, wide, subparallel 
to hinge line; cardinal process erect, poorly known. Dorsal 
valve geniculated into distinct trail. 

Discussion: Assignment of the specimens to Wyndhamia 
is provisional. Indications are that the dorsal valve is 
thickened and somewhat wedge-shaped but the evidence 
for dorsal spines is equivocal. However, dorsal spines are 
easily lost through slight decortication. Alternatively, 
assignment of the specimens to Stropha/osia may be 
required. The short dorsal median septum, if accurately 
preserved, would indicate that the species is distinct from 
other Western Australian Wyndhamia species. 

Genus Lialosia Muir-Wood and Cooper, 1960 

Type Species: Strophalosia kimherleyensis Prendergast 
(1943) from the Grant Range, Noonkanbah Formation, 
Canning Basin. 

Diagnosis: Shell hemispherical to subquadrate, concavo- 
convex, with low interareas. Ventral valve with small 
cicatrix, concentric lamellae, faint captation and row of 
low hinge spines. Dorsal valve with no spines. Ventral valve 
with strong teeth and thickened interior. Dorsal interior 
with strong cardinal process, distinct median septum; valve 
geniculated anteriorly. 


Discussion: Lialosia was well described by Muir-Wood 
and Cooper (1960). A full description of the type species 
is provided below and additional illustrations are provided 
herein because the species has not been fully illustrated 
from throughout its stratigraphical range. 

Muir-Wood and Cooper (1960, p. 87) tentatively 
included Productus clarkei Etheridge (1872) in the genus, 
presumably because Foord (1890) originally compared and 
referred specimens of Lialosia kimherleyensis to 
Etheridge’s species. The redescription of Etheridge’s 
species by Maxwell (1954) and additional comments by 
Waterhouse (1969) and Dear (1971) indicate that the species 
is a respresentative of Wyndhamia and hence is not close 
to Lialosia. 

Lialosia has also been reported from Tastubian faunas 
of South Tibet (Ching et al. 1977, Ching 1979), 
Baigendzhinian/Early Kungurian faunas of Timor (Water- 
house 1973) and, with a query, faunas assigned to the 
Dorashamian from Nepal (Waterhouse 1978, 1983). 

Lialosia sp. from the Tastubian Jilong Formation of 
South Tibet (Ching et al. 1977, pi. 1, figs 7-9, 22; Ching 
1979, pi. 2, figs 5-8; Jin 1985, pi. 1, figs 7, 10-11) is based 
on small shells that lack external body spines but possess 
a lamellose and faintly capillate external ornament. The 
shells appear not to be thickened, unlike those of L. 
kimherleyensis, but are possibly immature. Further 
material is required to confirm the generic identity and 
especially the internal structures. 

In a review of South East Asian Permian brachiopod 
correlations, Waterhouse (1973a, p. 194) mentioned the 
occurrence of Lialosia in the Bitauni fauna of Timor. No 
species was mentioned. Chonetes duhia Hamlet (1928, p. 
12, pi. 1, figs 11-14) appears to be a representative of 
Lialosia and was described by Hamlet as occurring at 
Bitauni and Noil Toko in Timor. Through the courtesy 
of Dr. C. F. Winkler Prins (Rijksmuseum van Geologie 
and Mineralogie, Leiden) I have been sent a series of 
photographs of Hamlet’s species. External ornamentation 
is poorly preserved but hinge spines are present, body 
spines absent and the dorsal valve is capillate with a few 
coarse lamellae. The shells are strongly thickened although 
internal details are not known. Chonetes duhia is now 
assigned to Lialosia and represents the most reliable 
occurrence of the genus outside of Western Australia. 
Hamlet’s species had previously been assigned by me 
(Archbold 1981, p. 125; 1983a, p. 70) to Neochonetes 
(Sommeriella), largely on the basis of its transverse outline, 
shallow sulcus and capillate dorsal valve as illustrated in 
Hamlet (pi. 1, fig. 14b). 

The 1 Lialosia ovata of Waterhouse (1983, see also 
Waterhouse 1978, p. 63, pi. 7, figs 17-20), from faunas 
of Nepal attributed to the Dorashamian by Waterhouse 
(1978, 1983), based on two specimens, is precluded from 
Lialosia by the presence of rare body spines over the disc 
near the margin of the ventral valve (Waterhouse 1978, 
p. 63). Brachial ridges of the Nepalese species appear to 
be much more elongate than those of L. kimherleyensis 
and ventral muscle scars are weakly impressed on the 
Nepalese species. Body spines are absent on the type 
species of Lialosia and hence ? Lialosia ovata is excluded 
from the genus. The presence of body spines also excludes 
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Lialosia (?) shadrovskiyi Ustritskiy (1984, p. 114, pi. 6, 
figs 2-5); from the Kazanian of Novaya Zemlya, from the 
genus. 

Lialosa kimherleyensis (Prendergast, 1943) 

Fig. 5 A-Z, AA 

1890 Strophalosia darker, Foord, p. 103, pi. 5, figs 7-8. 
1903 Strophalosia sp. ind., Etheridge, p. 20, pi. 1, figs 
10 - 12 . 

1926 Strophalosia sp., Glauert, p. 46. 

1943 Strophalosia kimherleyensis Prendergast, p. 47, pi. 
6, figs 1-5. 

1957 Strophalosia (Heteralosia) kimherleyensis Prender¬ 
gast, Coleman, p. 124, pi. 20, figs 7-19. 

1958 Strophalosia (Heteralosia) kimherleyensis Prender¬ 
gast, Guppy et al., p. 48. 

1960 Lialosia kimherleyensis (Prendergast) Muir-Wood 
and Cooper, p. 81, pi. 4, figs 14-24. 

1961 Strophalosia (Heteralosia) kimherleyensis Prender¬ 
gast, Dickins, p. 286. 

1967 Strophalosia (Heteralosia) kimherleyensis Prender¬ 
gast, Condon, pp. 169, 173. 

1975 Strophalosia (Heteralosia) kimherleyensis Prender¬ 
gast, Playford et al., p. 287. 

Holotype: UWA 20452, a complete shell, from north of 
Hill C, south side of Grant Range, West Kimberley 
District, Noonkanbah Formation, Canning Basin. 

Material, Localities and Age: Specimens as figured and 
measured in addition to abundant material from the 
Wandagee Formation and Nalbia Sandstone (Carnarvon 
Basin) and Noonkanbah Formation (Canning Basin) in 
the collections of the Bureau of Mineral Resources, 
Geology and Geophysics, Canberra. CPC 24418, 24419, 
26435, 3 dorsal valves from BMR locality KNF 76B, 7 km 
on a bearing of 298° from Brutcn’s Old Yard, Cherrabun 
Station, type section of Noonkanbah Formation, about 
357 m above base of Formation. CPC 26433, 26434, 2 
ventral valves from BMR locality KNF 88, 4.5 km at a 
bearing of 310° from Bruten’s Old Yard, Cherrabun 
Station, 369 m above base of type section of Noonkanbah 
Formation. All from Canning Basin. 

CPC 26436, 26437, 1 ventral and 1 dorsal valve from 
BMR locality ML 45, Minilya River, south bank, 5.5 km 
west of southwest of Cundlego Well, Wandagee 
Formation. CPC 26441, 26442, 1 dorsal and 1 ventral valve 
from BMR locality ML 51, Minilya River, north side, 
Minilya Syncline, 5 km west of Cundlego Pool, Nalbia 
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Sandstone. CPC 26438-26440, 2 dorsal valves and 1 shell 
from BMR locality MG 178, approx. 2 km east of 
Wandagee Hill, Wandagee Formation. CPC 26443, 1 
internal mould of a ventral valve from BMR locality F 
17018, near Paddy’s Outcamp, about 65 m below the top 
of the Wandagee Formation. CPC 24410, a ventral valve 
from BMR locality ML 52, Minilya River, north side, 
Minilya Synclinc, 5 km west of Cundlego Well, Nalbia 
Sandstone. CPC 24421, an external mould of a ventral 
valve, from BMR locality F 17010, locality 48, traverse 
northwest of Paddy’s Outcamp, Baker Formation. All 
from Carnarvon Basin. 

Noonkanbah and Wandagee occurrences are late 
Baigendzhinian (Late Artinskian). Nalbia and Baker 
occurrences are Early Kungurian. 

Size Ranges: A total of 32 specimens (including the 
figured specimens) were measured. Hinge width, 15.6-28.0 
mm; maximum width, 19.3-32.0 mm; ventral valve height, 
17.5-32.5 mm; dorsal valve height, 16.2-28.1 mm; 
thickness, 7.2-16.0 mm; ventral valve interarea height, 
2.6-4.7 mm; dorsal valve interarea height, 1.4-2.9 mm; 
dorsal septum length, 7.8-13.2 mm. 

Diagnosis: Hemispherical to subquadrate Lialosia. 
Interareas relatively low. Cicatrix normally small, rarely 
distinct. External ornament of concentric lamellae, more 
pronounced on dorsal valve, faint capillation and row of 
ventral hinge spines. Spines absent elsewhere. 

Description: Shell of moderate size, outline hemispherical 
to subquadrate. Ventral valve strongly convex, convexity 
being even in transverse and longitudinal directions. 
Ventral sulcus or median flattening of ventral valve not 
present. One aberrant specimen (CPC 26434) possesses 
an anteriorly-developed narrow ventral fold which arises 
anteriorly of major shell breakage (sustained during life), 
hence probably reflects result of internal damage to animal 
with consequent aberrant repair and growth of shell. 
Hinge line straight, hinge itself being over three-quarters 
maximum width of shell, latter being at midlength of 
shell. 

Ears poorly developed, hinge region does not extend 
beyond lateral margins of shell. Alar regions rounded. 
Ventral umbo low, indistinct, does not extend over ventral 
interarea. Cicatrix of attachment normally minute, 
frequently not visible; largest cicatrix measured (CPC 
26436) distinct and prominent (width 4.9 mm, length 3.5 
mm) indicating degree of variability in size. Ventral 
interarea distinct, moderately high; bisected by narrow 


Fig. 5—A-Z, AA, Lialosia kimherleyensis (Prendergast). A-B, E-N, From Noonkanbah Formation, Canning 
Basin; C-D, O-S, W-Y, from Wandagee Formation, Carnarvon Basin; T-V, from Nalbia Sandstone, Carnarvon 
Basin; Z-AA, from Baker Formation, Carnarvon Basin. A-B, CPC 26433, ventral valve in posterior and 
ventral views, x 1.2. C-D, CPC 26436, ventral valve in dorsal and posterior views, x 1.5. E-H, CPC 26434, 
ventral valve in ventral, postero-ventral, portion of surface enlarged and posterior views, all xl.2 except 
for enlargement X4.5. I-J, CPC 24419, dorsal valve in interior and dorsal views, xl.4. K-L, CPC 24418, 
dorsal valve in interior and dorsal views, x 1.3. M-N, CPC 26435, dorsal valve in interior and dorsal views, 
x 1.2. O-P, CPC 26438, dorsal valve in interior and dorsal views, x 1.2. Q, CPC 26439, dorsal valve interior 
view, x 1.2. R, CPC 26437, dorsal valve in posterior view, xl.8. S, CPC 26440, shell in dorsal view, x 1.0. 
T, CPC 26441, dorsal valve interior view, x 1.3. U, CPC 26442, ventral valve in ventral view, x 1.0. V, CPC 
24420, ventral valve in ventral view, x 1. W-Y, CPC 26443, ventral valve internal mould in posterior, ventral 
and anterior views, x 1.2. Z-AA, CPC 24421, external mould of ventral valve and portion of mould enlarged, 
__ Xl.2 and x4.5. 
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triangular delthyrium filled by convex pseudodeltidium. 
Ventral interarea striated parallel to hinge line. 

Exterior ornamentation of ventral valve consists of 
single row of relatively fine hinge spines, at low angle to 
hinge and directed laterally. Distinct, concentric growth 
lamellae, growth lines and, on well preserved specimens, 
fine radial capillae present. Spines not thicker than 0.5 
mm at base, spaced at about 2-3 mm intervals, the interval 
increasing away from umbo. Radial capillae fine (about 
3 per mm), extend over more than one growth lamellae, 
but not continuous over entire valve. 

Exterior ornament of dorsal valve consists of distinct 
growth lamellae, fine growth lines, fine radial capillae and, 
rarely, fine, scattered, shallow dimples. Spines absent. 

Ventral teeth strong, robust, divergent. Shell thickened 
laterally accentuating deep visceral cavity. Distinct 
marginal ridge arises close to teeth, just below level of 
interarea; encircles valve in mature specimens; it isolates 
internal alar extremities resulting in internally demarcated 
ears although externally poorly demarcated. Adductor 
muscle scars smooth, elongate, on gently raised platform; 
bisected by delicate median ridge. Diductor scars large, 
flabellate, posteriorly smooth, anteriorly densely 
longitudinally striated; extend further anteriorly than 
adductor scars. Remainder of valve interior covered with 
minute pustules except for marginal ridge and short trail 
which are smooth. 

Dorsal valve strongly geniculated with geniculated 
angle being curved up to 70° from anterior of gently 
concave visceral disc. Exterior geniculation not abrupt 
although an increase in concavity noticeable anteriorly. 
Dorsal interarea low, striated parallel to hinge line. 
Interarea bisected by small, flat to gently convex, 
triangular chilidium. Dorsal adductor scars smooth, 
bisected by median septum. Anterior components of 
adductor scars gently raised above level of visceral disc, 
posterior components appear depressed. Brachial ridges 
distinct, arise from posteriorly-developed internal ridge 
originating as two short lateral ridges at base of cardinal 
process. Therefore posterior extremities of brachial ridges 
appear to enclose adductor scars. Brachial ridges semi¬ 
circular, hook back sharply at anterior extremities. Region 
of brachial ridges smooth. Cardinal process strong, erect; 
it extends behind hinge line, co-planar with dorsal 
interarea, at a small angle to plane of visceral disc. 
Cardinal process appears quadrilobed in mature 
individuals from both aspects. Prominent median lobe 
divided by groove in both aspects, small lateral lobes may 
project widely from central lobe. Process of submature 
valves appears trilobate interiorly because median groove 
not developed on central lobe. Cardinal process arises from 
strongly-developed median septum and from two small 
lateral ridges that are at small angle to hinge and are 
anterior to deep, narrow sockets. Marginal ridge arises 


adjacent to sockets, in mature specimens encircles visceral 
disc. Internal geniculation of dorsal valve occurs 
immediately to anterior of marginal ridge. Median septum 
sharp, high, extends anteriorly for half to almost two- 
thirds valve length. Valve finely pustulose between brachial 
ridges, smooth on trail. 

Discussion: The above description, based on a diverse 
collection of often well-preserved specimens, clarifies 
minor details left unclear by the descriptions of 
Prendergast (1943), Coleman (1957) and Muir-Wood and 
Cooper (1960), particularly with regard to the external 
capillate ornament and the variation in the size of the 
cicatrix. 

Other reports of Lialosia are discussed above within 
the generic discussion. Only Lialosia dubia (Hamlet 1928) 
requires comment here and the Timor species is readily 
distinguished from L . kimberleyensis by its more 
transverse outline, subquadrate anterior margin, coarser 
ventral hinge spine bases and less lamellose dorsal valve. 

Genus Liveringia gen. nov. 

= strophalosiid gen. nov. B, Archbold and Thomas, 1986b. 

Etymology: From Liveringa Ridge, Canning Basin (Lat. 
17°56'S; Long. 124°06'E). 

Type Species: Liveringia magnifica sp. nov. 

Diagnosis: Large strophalosiids. Cicatrix apparently 
absent. Ventral valve exterior with prominent row of long 
curved spines on hinge and ears; rest of valve sparsely 
spinose except for anterior of mature valves with fine, erect 
spines in ill-defined concentric rows. Ventral adductor 
scars elongate, smooth, may be bisected posteriorly by low 
median ridge. Ventral diductor scars large, radially 
striated, relatively weakly impressed. Dorsal valve with 
shallow elongate dimples arranged in quincunx 
posteriorly, less regular anteriorly. Fine persistent capillae 
arise within 1 cm of umbo, persist until anterior of valve. 
No dorsal spines. Growth lines delicate, seldom lamellose. 
Dorsal interior with strongly-developed brachial ridges, 
marginal ridge and median septum. Cardinal process, 
thick shafted, with small, lateral lobes. 

Ventral interarea low, dorsal interarea low. Teeth stout, 
small, either side of small delthyrium, filled with gently 
convex pseudodeltidium. 

Discussion: This large genus is of similar gross dimensions 
to large species of Wyndhamia. Liveringia gen. nov/is, 
however, readily distinguishable from that genus by the 
absence of dorsal spines and the presence of a dorsal 
ornament of relatively widely-spaced, elongate dimples 
and persistent fine capillae. Species of Strophalosia can 
exhibit impersistent capillae and dimples, however, the 
dimples of Strophalosia are not as shallow, elongate or 


Fig. 6-A-L, Liveringia magnifica gen. et sp. nov., all from Hardman Formation, Canning Basin. A, CPC 
26444, ventral valve in ventral view, x 1.6. B-C, CPC 26452, natural cast of dorsal valve in interior and 
posterior views, xl.l and x2.5 D-E, CPC 24422, ventral valve in ventral and posterior views, xl.2. F, 
CPC 26445, latex cast of dorsal valve external mould, xl.2. G, CPC 24424, dorsal valve in dorsal view, 
x2.5. H, CPC 26454, ventral valve internal mould in ventral view, xl. I, CPC 26446, ventral valve in 
posterior view, x 1. J, CPC 26453, natural cast of dorsal valve, interior view, x 1. K-L, CPC 26447, ventral 

valve internal mould in ventral view, Xl.2. 
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widely spaced as on the new genus (e.g. see Strophalosia 
jimbaensis Archbold 1986, fig. 2A for an Australian 
species with well-developed dimples and Strophalosia tolli 
Fredericks, 1931, as figured by Grigor’eva 1977, pi. 3, fig. 
15, for a Siberian species with closely spaced, abundant 
dorsal dimples). Details of ventral spinosity and internal 
structures also distinguish Strophalosia from the new 
genus. The nature of dorsal exterior dimples on 
Wyndhamia appears variable (as discussed above under 
W. colemani) but seldom are they as widely spaced as on 
Liveringia gen. nov. W. antarctica (Freeh 1898, pi. 4, figs 
9a, 9b) possesses the most widely-spaced dimples of any 
recorded Wyndhamia but apparently lacks any capillae. 
No other species are assigned to Liveringia gen. nov. apart 
from the type species. 

Liveringia magnifica sp. nov. 

Figs 6A-L, 7A-L 

71958 Strophalosia sp. nov., Guppy et al ., p. 54. 

1986 Strophalosiid gen. nov. B, Archbold and Thomas, 
p. 435. 

Hoiotype: CPC 26450, a dorsal valve external mould from 
near mouth of Nerrima Creek, Canning Basin, Hardman 
Formation. 

Material, Localities and Age: Specimens as figured and 
measured in addition to abundant material from the 
Hardman Formation, Canning Basin, in the collections 
of the Bureau of Mineral Resources, Geology and 
Geophysics, Canberra. CPC 24423, 24424, 26445-26451, 
2 dorsal valves, 3 ventral valves, 2 dorsal valve external 
moulds and 2 ventral valve internal moulds from BMR 
locality FL 220, near mouth of Nerrima Creek, 4 km at 
a bearing of 95° from Luluigui Homestead, Hardman 
Formation. CPC 24422, 26454, 26455, 1 ventral valve, 1 
ventral valve internal mould and 1 incomplete dorsal valve 
from BMR locality KNB 53, near Andys Well, 
Noonkanbah Station, about 13 km at a bearing of 47° 
from Mount Fenton, Hardman Formation. CPC 26453, 
26454, 1 natural cast of a dorsal valve and 1 ventral valve 
internal mould from BMR locality N 1241, Lat. 
19°06'39"S, Long. 125°11 / 27"E. Hardman Formation. All 
Canning Basin. 

All Chhidruan (Early Tatarian). 

Size Ranges: A total of 22 specimens (including the 
figured specimens) were measured. Hinge width, 16.7-44.0 
mm; maximum width, 18.7-55.6 mm; ventral valve height 
17.8-39.2 mm; dorsal valve height, 13.2-42.9 mm; 
thickness, 12.0-18.0 mm; ventral interarea height, 2.5 mm 
(one measurement); dorsal interarea height, 0.6-2.2 mm; 
dorsal septum length, 15.2-24.5 mm. 

Diagnosis: Large transverse Liveringia , normally 
transversely oval in outline. Ventral valve with fine body 
spines and prominent hinge spines; concentric growth lines 
weakly developed. Ventral interior with coarsely-striated 
diductor scars. Dorsal valve exterior with elongate dimples 
and fine persistent capillae; concentric growth lines feeble, 
rarely lamellose anteriorly. Ventral and dorsal interareas 
low. 


Description: Shell large, outline normally transversel 
oval. Ventral valve strongly convex with convexi^ 
decreasing towards anterior of valve. Convexity even 
transverse direction, no sulcus or median flattenirit 
developed. Hinge line straight, hinge being over seven- 
eighths maximum width in juvenile specimens, decreasing 
to three-quarters or two-thirds maximum width in mature 
specimens. Maximum shell width normally at about 
midlength of shell, although in largest dorsal valve closei 
to hinge line. Alar extremities rounded with result that 
ears small, if present, and poorly differentiated. Ventral 
umbo small, pointed, inconspicuously overhangs ventral 
interarea. Available specimens show no trace of cicatrix 
of attachment; ventral umbo being rounded not flattened 
Ventral interarea low for size of shells, striated parall e 
to hinge line. Interarea bisected by small, triangulai 
delthyrium filled with convex pseudodeltidium. 

Exterior ornamentation of ventral valve consists ol 
spines, inconspicuous concentric growth lines and traces' 
of fine capillae. Spines developed as row along hinge when 
they are fine (0.6 mm wide at base on specimen CPC 2645] 
at 15.5 mm from umbo), long (up to 8.0 mm long 0 i 
specimen CPC 26446) and curve away from umbo. Bod> 
spines fine, scattered over venter (normally removed b\ 
wear), subconcentric rows over trail. Trail spines or 
specimen CPC 26451 are 0.4 to 0.5 mm wide at base 
spaced at 1 to 3 mm intervals. Trail and venter spines erect 
point anteriorly. 

Exterior ornament of dorsal valve consists of elongatt 
dimples, fine radial capillae and delicate growth lines- 
seldom lamellose. Dimples arranged subquincuncially j T 
juvenile and submature specimens, in concentric rows oi 
anterior of adult specimens. Dimples elongate (2.0 mn 
long at 2.5 cm from umbo and 1.3 mm long at 7.5 mn 
from umbo on specimen CPC 26450), narrow (0.4 mn 
wide —constant width of dimples on CPC 26450) anc 
impressed on interior of juvenile dorsal valves. Row o 
subcircular dimples occurs across hinge region- 
corresponding to ventral hinge spines. Capillae fine (5 o 
6 per mm), persistent across growth lines; they are eviden, 
within 1 cm of umbo. Growth lines fine, inconspicuou: 
posteriorly, rarely lamellose anteriorly; up to 9 occur pei. 
mm. 

Ventral teeth small, robust, divergent, set closi 
together. Low marginal ridge arises adjacent to teeth 
extends around perimeter of visceral disc in matur‘ 
specimens. Adductor muscle scars elongate, slightly raised 
smooth and may be bisected by delicate median ridge 
Diductor scars large, flabellate, weakly impressed, coarsel’ 
radially striate with striae being up to 1.5 mm apart; extent 
further anteriorly than adductor scars. Remainder o 
ventral interior striate, minutely pustulose except fo 
marginal ridge and trail which tend to be smooth. 

Dorsal valve distinctly concave, strongly geniculatei 
in mature specimens. Dorsal interarea low, striated paralk 
to hinge line, bisected by narrow notothyrium filled wit! 
gently convex chilidium. Interiorly visceral disc gentl 
concave and anterior of mature valve strongly geniculau 
angle of geniculation being up to 80° from plane o 
visceral disc. Dorsal adductor scars smooth, bisected b 
high median septum. Adductor scars differentiated int 
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Fig. 7— A-L, Liveringia magnified gen. et sp. nov, all from Hardman Formation, Canning Basin. A-B, 
CPC 24423, dorsal valve in interior and lateral views, xl. C-D, CPC 26448, ventral valve internal mould 
in ventral and posterior views, xl.2. E-F, CPC 26449, latex cast of internal mould of ventral valve and 
interarea enlarged, xl and x2.5. G-H, CPC 26450, holotype, dorsal valve external mould, xl.2 and portion 
of mould enlarged, x3.2. I-J, CPC 26455, incomplete dorsal valve in interior and posterior views, xl. 

K-I . CPC 26451, ventral valve in ventral and anterior views, xl. 
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anterior and posterior components, weakly impressed. 
Brachial ridges distinct, low, arise from continuation of 
two low lateral ridges at base of the cardinal process. 
Brachial ridges broadly semicircular, hook back sharply 
at anterior extremities. Cardinal process stout, strong, 
erect, extends behind hinge for short distance, co-planer 
with dorsal interarea. Process feebly quadrilobed interiorly 
in mature specimens when prominent medial lobe bisected 
by shallow groove; distinctly quadrilobed exteriorly; 
smaller lateral lobes widely divergent. Process arises from 
high, strong median septum which extends for less than 
half valve length, and pair of low, thick lateral ridges that 
continue anteriorly and give rise to brachial ridges. Pair 
of lateral ridges surround broad, relatively shallow sockets. 
Anterior of valve smooth or minutely pitted and pustulose. 
Prominent marginal ridge arises adjacent to sockets, 
demarcates perimeter of visceral disc laterally and 
anteriorly from strongly-geniculated margin of valve. 

Discussion: No other known species possesses the 
combination of characters of Liveringia magnified sp. nov. 

Genus Gehinalosia Waterhouse, 1967 
Type Species: Stropha/osia maxwelli Waterhouse, 1964. 
Diagnosis and Discussion: See Archbold (1986, p. 111). 

Echinalosia denisoni sp. nov. 

1971 Echinalosia prideri : Waterhouse, p. 392. 

1976 Echinalosia prideri : Waterhouse, p. 102. 

1978 Echinalosia sp. nov., McCIung, p. 422. 

1982 Echinalosia prideri : Waterhouse, p. 31; pi. 23, fig. 
i; text figs 19A, B. (See for additional synonymy). 

1983 Enchinalosia sp. nov., McCIung, p. 71; fig. 13: 1-12. 
1986 Enchinalosia prideri : Waterhouse, p. 28. 

Etymology: From the Denison Trough, Bowen Basin, 
Queensland. 

Holotype: Specimen GSQ F12465, an external mould of 
a dorsal valve from GSQ Eddystone 1, interval C, Denison 
Trough, Queensland. Figured by McCIung (1983, p. 71, 
fig. 13: 12). Housed in collection of the Geological Survey 
of Queensland, Brisbane. 

Diagnosis: Moderate to large Echinalosia with elongate 
outline. Ventral valve strongly convex, apparently without 
sulcus. Ventral spines long, coarse, scattered to moderately 
dense. Ventral exterior also with short radial grooves over 
most of valve. Dorsal valve exterior strongly lamellose, 
dimpled, with scattered coarse spines essentially confined 
to valve anterior. Ventral interior thickened with long, wide 
adductor scars and large elliptical diductor scars. Teeth 
strong. Dorsal interior with strong sockets, weakly- 
developed brachial ridges and thin median septum. 
(Modified from McCIung 1973, p. 71.) 

Discussion: Reports of Echinalosia prideri (Coleman) 
from New Zealand (Waterhouse 1982) were questioned by 
Archbold (1986) when reviewing Coleman’s species. New 
Zealand material is sparse and only one specimen, an 
internal mould of a ventral valve, has been figured 
(Waterhouse 1982, pi. 23, fig. i). Subsequently, 


Waterhouse (1986b, p. 28) referred a suite of specimens 
described and figured by McCIung (1983) to E. prideri. 
McClung’s (1983) specimens, from the Denison Trough, 
Bowen Basin, Queensland, represent a distinctive, younger 
species, probably related to, but separate from E. prideri 
(Coleman) and are here named E. denisoni sp. nov. 
Additional details of the new species are provided by 
McCIung (1983). 

E. prideri , well described and illustrated by Coleman 
(1957), was reviewed by Archbold (1986) who provided 
additional illustrations. E. denisoni sp. nov. is charac-, 
terised by a denser ventral spine pattern than that of E. 
prideri , a ventral exterior with prominent radial grooves ] 
(McCIung 1983, fig. 13: 11) and a strongly lamellose dorsal 
exterior with spines essentially confined to the valve 
anterior. The dorsal valve of E. prideri is lamellose 
externally (although not as prominent as E. denisoni sp. 
nov.) and carries numerous coarse spines on both the k 
juvenile and mature stages of growth. Interiors of the two 
species do indicate a possible relationship (Waterhouse 
1986b) although brachial ridges are poorly developed in 
E. denisoni sp. nov., perhaps because fully mature 
specimens are not known. 

Both the Queensland and New Zealand occurrences' 
of E. denisoni sp. nov. are of Late Artinskian (Late 
Baigendzhinian) age as discussed by Waterhouse (1982, 
1986b). E. prideri is, however, Early Baigendzhinian (Late 
Artinskian) in age and is only known from the Lower 
Member of the Madeline Formation of the Carnarvon 
Basin (Condon 1967). Reports of E. prideri from the 
Sterlitamakian Callytharra Formation (Condon 1967, p. 
70; Coleman 1957, Table 1 between pages 135 and 136) 
and the Late Baigendzhinian Cundlego Formation 
(Coleman 1957, Table 1; Waterhouse 1982) have not been 
confirmed by later studies. Coleman’s original description 
only mentioned material from the Bulgadoo Shale, and 
this was subsequently mapped as Madeline Formation. 
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BRACHIOPODS FROM CARBONATE SANDS OF THE 
AUSTRALIAN SHELF 

By J. R. Richardson 

Museum of Victoria, 285 Russell Street, Melbourne, Vic. 3000. 

Abstract: Three new genera, Aaakinetica and Parakinetica (Terebratulida, Terebratellidae, Magadinea) 
and Aulites (Rhynchonellida, Cryptoporidae), and 2 new species, Parakinetica Stewarti and Magadinella 
mineuri, are described. All 5 species are found in biogenic sands of the Australian shelf and differ in their 
adaptations for life in these sediments. Magadinid species use the pedicle to move individuals so that a 
stable position at the sediment/water interface is maintained. The rhynchonellid is a sedentary form fixed 
by the pedicle to the undersurfaces of free-living bryozoan species. Magadinid species are the dominant 
brachiopods in Australian shelf sediments in noteworthy contrast to their absence in New Zealand and 
Antarctic shelf faunas. 


Living brachiopods in southern seas are not confined 
to rocky coastlines and reefs. In the Antarctic and Suban- 
tarctic (Foster 1974) and in New Zealand (Richardson 
1981a) they are the dominant or co-dominant macroin¬ 
vertebrates in a variety of depositional environments. Spe¬ 
cies within the Subfamily Terebratellinae are the 
commonest forms in Antarctic and New Zealand waters. 
All occupy soft substrates, some exclusively (Gyrothyris, 
Neothyris ), while others (Magasella, Waltonia) are oppor¬ 
tunistic and may live as either cliff hangers or bottom 
dwellers (Richardson 1981b). 

Brachiopods are also common on soft substrates of 
the Australian shelf and are of interest for the following 
reasons: 

1. With one exception, they are members of a subfamily 
(Magadinae) unknown in modern seas in any other area; 

2. The four magadinids and one rhynchonellid described 
are specific to the bryozoan sands that are continuous 
along southern Australia (Wass, Conolly & McIntyre 
1970); and 

3. They display a variety of adaptations of the pedicle 
which is related to the occupation of a soft substratum. 

SOURCES OF MATERIAL 

Living individuals of all species studied were collected 
from Bass Strait during a cruise on Tangaroa, a research 
vessel of the New Zealand Oceanographic Institute (now 
Division of Marine Research, Department of Scientific 
and Industrial Research). Samples from this cruise are held 
by the Division in Wellington (Q register) and by the 
Museum of Victoria, Melbourne. Locality data for these 
and other stations sampled in Bass Strait are listed by Wil¬ 
son & Poore (in press) —registration numbers of Museum 
of Victoria material are prefixed NMVBSS. Dried and 
preserved material has also been studied from the collec¬ 
tions of the Museums of Western Australia (WAM), South 
Australia (SAM), the Australian Museum (AM) and the 
British Museum of Natural History (BMNH). 

The sediments from which all species were collected 
have been described in the publications of Wass, Conolly 
and McIntyre (1970), Marshall and Davies (1978), Jones 
and Davies (1983) and Quilty (1985). 


SYSTEMATICS 

Super family Terebratellacea King 1850 
Family Terebratellidae King 1850 
Subfamily Magadinae Davidson 1886 

Diagnosis: Differentially thickened Terebratellidae with 
permesothyrid foramen; cardinalia consisting of socket 
ridges, crural bases, and a cardinal process with trefoil 
posterior surface; loop axial to teloform. 

Genera Included: Anakinetica n.gen.: Tertiary and Re¬ 
cent, Australia (Terebratella Cumingii Davidson 1852). 
Australiarcula Elliott 1959: Cretaceous, Australia (. Aus - 
traliarcula artesiana Elliott 1959). 

Magadina Thomson 1915: Tertiary, New Zealand ( Maga - 
dina browni Thomson 1915). 

Magadinella Thomson 1915 Tertiary and Recent, Austra¬ 
lia (Magadinella Woodsiana Tate 1880). 

Magas Sowerby 1816: Cretaceous Europe (Magas pumi- 
lus Sowerby 1816). 

Parakinetica n.gen.: Tertiary and Recent, Australia 
(Parakinetica Stewarti n.sp.). 

Pirothyris Thomson 1927: Recent, Australia (Magasella 
vercoi Blochmann 1910). 

Rhizothyris Thomson 1915: Tertiary, New Zealand 
(Bouchardia rhizoida Hutton 1905). 

Tanakura Hatai 1936: Tertiary, Japan (Tanakura tanakura 
Hatai 1936). 

Only those genera with species available for study have 
been placed under the heading “Genera Included”. 
However, inclusion of the genera that Elliott and Hatai 
(1965) attributed to this subfamily in the Treatise is not 
disputed. 

Comments: The only living species (from four genera) 
described from this subfamily are benthic and confined 
to carbonate sands. The position of individuals at the sur¬ 
face of soft sediments is maintained by the pedicle sys¬ 
tem which is distinctive in character in each genus. 
Diagnostic features of genera are the areas used for at¬ 
tachment of the dorsal adjustor muscles and details of 
the beak—its length and curvature and whether deltidial 
plates are fused or discrete and the beak ridges sharp or 
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rounded. No living species from the same genus co-exist, 
but sufficient Tertiary species have been collected to show 
the characters that differentiate species. Three species in¬ 
cluded in Anakinetica (from Recent seas, Miocene & 
Oligocene deposits) differ in shell outline, in degree of 
convexity of the valves, and in the shape and relative size 
of the area occupied by the cardinal platform. The differ¬ 
ences are slight but consistent and are easily identifiable. 
Other fossil species attributed to Anakinetica display an 
incurved beak and heavy posterior thickening, and secon¬ 
dary loss of the pedicle may be inferred from these 
characters. 

Some of the genera (Australiarcula, Rhizothyris, 
Tanakurd) described from fossil species are similar in 
character to Anakinetica and Parakinetica , i.e., with a 
solid cardinal platform without a hinge trough and with 
attachment areas of the dorsal adjustor muscles in the 
posterior position indicating ratchet-like movements of 
a free pedicle. Australiarcula artesiana was described from 
glauconitic sands of the Great Artesian Basin (Elliott 1959, 
Parkin 1969), Tanakura tanakura from coarse-grained 
sandstones in Japanese Miocene deposits, and numerous 
species of Rhizothyris occur in greensands and bryozoan 
calcarenites of the New Zealand Tertiary (Thomson 1915, 
Allan 1960, Bowen & Campbell 1973). 

The non-terrigenous character of the sediments oc¬ 
cupied by members of the subfamily is noteworthy. All 
living species have been collected from bryozoan sands 
while members of fossil genera have been described from 
chalks, calcarenites and greensands. 

It is not possible to define any ancestor/descendant 
relationships in different genera because all are specia¬ 
lised for benthic life in a particular type of sediment. Com¬ 
parison with the subfamily Bouchardiinae illustrates this 
point. The latter family contains four genera, three (Ne- 
obouchardia, Bouchardia, Bouchardie/la ) specialised for 
life in biogenic sands, one (Malleia) with characters as¬ 
sociated with a sedentary life style (Richardson 1973) and 
so it is possible to differentiate characters associated with 
life style from those that suggest common ancestry, e.g., 
the shape of the cardinal process and the absence of crural 
bases. The trefoil shape of the cardinal process of the 
Magadinae is probably a familial character but cannot be 
confirmed as such in the absence of genera that occupy 
different substrates and follow a different life style. 

Genus Anakinetica gen. nov. 

Etymology: From the Greek ana (up) kineticos (moving). 

Type Species: Terebratella (?) Cumingii Davidson 1852. 

Diagnosis: Beak large, suberect to nearly straight; deltidial 
plates fused, wide, flat; cardinal margin straight or nearly 
straight. Cardinal platform with posterior pits for attach¬ 
ment of the dorsal adjustor muscles. Loop annular to 
trabecular. 

Geologic Occurrence: Eocene to Recent. 

Locality: Australia. 


Comments: The type species of Magadina is M. browni 
from Waipara, New Zealand. In this and other New 
Zealand species attributed to Magadina, components of 
the cardinalia are not fused together to form a solid plat¬ 
form, the cardinal process is not swollen, and a deep hinge 
trough separates the crural bases. Thomson noted the 
difference between the two groups of species —“Cardinal 
process in primitive species (genotype) small but confined 
to the umbonal end of the hinge-trough, in advanced spe¬ 
cies (M. cumingi ) large and swollen completely filling the 
hinge trough” (1927, p. 275). Growth stages of A. cumingi 
described below indicate that the crural bases also con¬ 
tribute to filling the hinge trough —they fuse medially with 
each other and with the anterior surface of the cardinal 
process. 

Anakinetica includes one living species and three Ter¬ 
tiary species formerly included in Magadina—Terebratula 
compta Sowerby 1845 (Oligocene-Miocene), Terebratella 
tenisoni Tenison-Woods 1865 (Oligocene-Miocene), and 
Magasella deformis Tate 1880 (Upper Eocene). In addi¬ 
tion, collections made from Beaumaris, Victoria (U. Mi¬ 
ocene) and from the Jandakot Bores in Western Australia 
(Pleistocene) show that members of the genus were a com¬ 
mon component of Australian shelf faunas during the Ter¬ 
tiary. Characters that separate species are adult loop stage, 
configuration of the cardinal platform, and details of the 
beak. 

Anakinetica cumingi (Davidson 1852) 

Fig. 1 

Terebratella (?) Cumingii : Davidson 1852a, p. 78, pi. 14, 
figs 10-16. 

Terebratella (?) Cumingii : Davidson 1852b, p. 368. 
Terebratula (Bouchardia) Cumingii : Reeve 1861a, pi. 8, 
fig. 30. 

Terebratula (Bouchardia) Cumingii : Reeve 1861b, p. 179. 
Terebratula (Bouchardia) fibula : Reeve 1861b, p. 180. 
Magasella Cumingii : Dali 1870, p. 137. 

Magasella (?) cumingi : Davidson 1880, p. 18. 

Magasella Cumingi : Davidson 1886, pp. 97-99, pi. 17, figs 
23-32. 

Magasella cumingi'. Verco & Blockmann 1910, p. 97. 
Magadina cumingi : Thomson 1915, p. 400, fig. 12. 
Magadina cumingi : Thomson 1927, pp. 275-277. 
Magadina cumingi : Cooper 1973, p. 30, pi. 5, figs 39-42. : 
Magadina cumingi : Richardson & Watson 1975a, pp. 381- 
382, fig. 1. 

Magadina cumingi : Richardson & Watson 1975b, pp. 379- 
387, figs 1-7. 

Magadina cumingi : Richardson 1979, pp. 415-417, 424- 
428, 432, figs 2, 3, 12. 

Magadina cumingi: Mineur & Richardson 1984, pp. 327- 
334, figs 1-2. 

Type Locality: Port Jackson Heads, N.S.W. 

Types: Davidson Collection, British Museum (Natural 
History). 

Occurrence: Medium to coarse carbonate sands, Aus¬ 
tralian shelf, between latitudes 31° and 39°S, longitudes 
113° to 154°E, depths of 22-155 m. Stations NMVBSS 
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53, 59, 80-1, 118, 120, 161-2, 164, 166, 171, 173, 179, 183, 
185-6, 189, 192-3, 199-206, 220; SAM 4862; WAM 19-71, 
74-71, 77-71, 88-72, 272-86, 273-86, 274-86, 291-86, 306- 
86, 317-86, 346-86. 

Comments: Davidson (1852a) described Terebraiella (?) 
Cumingii from two specimens which were believed to have 
been collected in New Zealand waters. In the Challenger 
Reports (1880) Davidson recorded Magasella (?) cumingi 
from Port Jackson Heads, New South Wales, and in 1886 
he confirmed its occurrence in Port Jackson and stated 
that when first described “only two dead specimens were 
known in this country (England) and their habitat was 
uncertain.” (p. 98). Davidson (1886) also considered 
Terebrutula (Bouchardia) fibula of Reeve, collected in Bass 
! Strait, to be synonymous with A. cumingi. Reeve (1861) 
stated that Terebratula (Bouchardia) fibula differed from 
A. cumingi in possessing a flat deltidium whereas the del- 
tidium of A. cumingi is excavately grooved. As Davidson 
(1886, p. 98) points out —“The area in M. Cumingi is, it 
is true, usually excavated or concave, but in some exam¬ 
ples it is almost flat, and upon that slight apparent differ¬ 
ence it would not be right, I think, to record it as a separate 
species.” 

Specimens collected in Bass Strait, Victoria were used 
! for the photographs in Fig. 1. This material has been com¬ 
pared with Davidson's specimens (in the British Museum, 
Natural History), and other specimens collected in Port 
Jackson, N.S.W., and they are considered to be con- 
specific. The illustrations of the loop (pi. 17, figs. 30 and 
31) in Davidson’s paper of 1886 are inaccurate. The two 
I curved lamellae (which fuse to form the ring) are depicted 
with their lines of attachment on the sides of the septum 
a short distance below its crest. In all specimens observed 
by the author, both the lamellae and the ring lie flush with 
the crest of the septum, a condition also illustrated by 
Davidson (1852, pi. 14, fig. 15) in his original description 
of the species. This difference in Davidson’s two papers 
may be accounted for by the fact that Davidson himself 
was the lithographer of the illustrations in his paper of 
1852, but not in the paper of 1886 that was published 
posthumously. 

The lophophore, pedicle, muscles and other soft struc¬ 
tures and their relationship to hard parts are described 
in detail in Richardson and Watson (1975b) and Mineur 
and Richardson (1984). The distinctive cardinal platform 
of adults of A. cumingi (Fig. 1G, J) is derived from the 
fusion of socket ridges, crural bases, and the posterior 
surface of the cardinal process and stages in this process 
are described below. 

Growth Sequence: At 3 mm dorsal valve length the 
various components of the cardinalia can be distinguished 
on the thickened posterior region of the valve (Fig. 1H). 
The socket ridges converge posteriorly to fuse with the 
lateral borders of a bowl-shaped cardinal process. The 
crura are visible and their swollen bases are distinguisha¬ 
ble from the socket ridges by shallow grooves. Medially, 
a deep hinge trough extends for almost the full length of 
the cardinal platform. A high median septum bearing two 
curved lamellae is restricted to the mid-region of the valve. 

At 3.5 mm dorsal valve length, the posterior limits of 


the crural bases are fused medially and with the anterior 
(smooth) surface of the cardinal process. Two pits are thus 
cut off on either side of the cardinal process; they are 
bounded posteriorly by the median borders of the socket 
ridges and anteriorly by the posterior borders of the crural 
bases. Between the cardinal platform and the elevated me¬ 
dian septum, the median region of the valve floor is thick¬ 
ened as a rounded elevation. Crural processes extend from 
the crura and rudiments of the descending branches from 
the septum. 

At 4.5 mm dorsal valve length, the crural bases are 
fused medially, the median line of fusion being visible an¬ 
teriorly but not posteriorly. The shallow grooves which 
marked the lines of fusion of the socket ridges and crural 
bases are no longer visible but a new pair of grooves is 
evident on the surface of the now solid cardinal platform. 
These grooves run from the anterior borders of the pits 
flanking the cardinal process and converge slightly anteri¬ 
orly. The descending branches arc complete, and the 
lamellae extending from the crest of the septum are 
discrete. 

The adult form results from further fusion and thick¬ 
ening of the cardinalia so that the anterior border of the 
platform is straight and not indented. The median sep¬ 
tum has merged indistinguishably with the median thick¬ 
ening of the valve floor, and has grown in an anterior and 
ventral direction so that the lamellae lie not on the septal 
crest but on its posteriorly facing slope. The adult loop 
of A. cumingi is characteristically annular but in old speci¬ 
mens the lines of attachment of the descending branches 
may coalesce giving the haptoid type of loop. 

Genus Parakinetica gen. nov. 

Etymology: From the Greek para (sideways) kineticos 
(moving). 

Type Species: Parakinetica steward, new species. 

Diagnosis: Beak small, straight; deltidial plates disjunct. 
Cardinal platform with posterior pits for the attachment 
of dorsal adjustor muscles. Loop annular. 

Geologic Occurrence: Recent. 

Locality: Australia. 

Comments: The characters separating Parakinetica from 
other members of the subfamily are beak form and shell 
shape. The beck is short with disjunct deltidial plates and 
the shell is plano-convex. Deltidial plates are fused in all 
other genera attributed to this subfamily. 

Similarities in the cardinalia of Anakinetica and 
Parakinetica show that, in each genus, dorsal adjustor 
muscles are used to push the pedicle into the surround¬ 
ing sediments. However, although the same movements 
enable individuals to surface in carbonate sands, differ¬ 
ences in the grades of sands they occupy are evident from 
the processes of the pedicle; in Anakinetica they are short, 
stout and terminal, in Parakinetica relatively long and 
slender and scattered along the distal portion of the shaft. 
Differences in the disposition of the processes are evident 
in the fused deltidial plates of Anakinetica and the dis¬ 
junct plates of Parakinetica. 
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A number of collections from Australian Janjukian 
(Late Oligocene) deposits include individuals with the di¬ 
agnostic characters of this genus. 

Parakinetica stewarti sp. nov. 

Figs. 2, 3 

The species is named after Mr. Ian Stewart in recog¬ 
nition of his assistance in numerous brachiopod projects. 

Description: Pale grey to white. Maximum observed 
length 6.5 mm, breadth 6.0 mm, depth 3.0 mm. Dorsal 
outline broadly ovate; plano-convex, dorsal valve with pair 
of posterior ridges converging at the umbo, ventral valve 
carinate. Anterior commissure sulcate; lateral commissures 
sinuate; cardinal margin slightly curved, tapering to a me¬ 
dian point. Beak straight, deltidial plates disjunct. 

Dorsal valve interior with well-marked pallial sinuses 
and adductor muscle impressions; lateral transverse ridges 
separating posterior thickened area containing sockets and 
cardinal platform. Cardinalia with thick, posteriorly- 
convergent, socket ridges, fused medially with crural bases; 
crural bases occupying central area of platform, fused 
posteriorly with anterior surface of cardinal process, form¬ 
ing anterior borders of deep circular pits for attachment 
to dorsal adjustor muscles; cardinal process with posterior 
surface, striated, triple-faceted with lateral wings diverg¬ 
ing from Hat dorsal base. Median septum high anteriorly, 
almost touching ventral valve, gradually tapering posteri¬ 
orly to terminate as low ridge at anterior border of cardi¬ 
nal platform. Loop annular. 

Ventral valve slightly thickened posteriorly. Hinge teeth 
thick, with subquadrate outline overhanging grooves for 
socket ridges. Median ridge low, running from point just 
anterior of cardinal margin to anterior margin of valve. 
Muscle scars not impressed. 

Pedicle inert, total length approximately half shell 
length, with slender processes extending from dorsal sur¬ 
face of posterior one third of length of shaft, proximal 
process occupying gap separating deltidial plates when 
pedicle retracted. Pedicle muscles as for Anakinetica 
cumingi. 

Type Locality: NMVBSS 81-HKI-121, latitude 39° 01.0'S, 
longitude 143° 15.4'E, 82 m, fine sand. 

Types: Holotype NMVF52910; paratypes NMVF 
52911-19 

Occurrence: Fine carbonate sands of western Bass 
Strait, between latitudes, 38°48' to 39°26'S, longitudes 
143°06' to 143°49'E, depths 77 to 115 m. Stations- 
NMVBSS 48, 49, 55, 80, 119, 162, 184, 194. 


Genus Magadinella Thomson, 1915 

Type Species: Magasella Woodsiana Tate 1880. 

Diagnosis: Beak erect to nearly straight; deltidial plates 
fused, wide; cardinal platform with posterior hinge trough 
bordered anteriorly by short, solid hinge plates. Loop hap- 
toid to teloform. 

Geologic Occurrence: Tertiary and Recent. 

Locality: Australia. 

Comments: The genus Magadinella was erected by Thom¬ 
son (1915) for M. woodsiana on the basis of differences 
in outline, cardinal margin, and stage of loop develop¬ 
ment from those species attributed by him to Magadina. 
The hinge trough, used for attachment of dorsal adjus¬ 
tor muscles, distinguishes Magadinella from Anakinet¬ 
ica and Parakinetica. Size, shape and folding differentiate 
Magadinella from Pirothyris, the only other Recent Aus¬ 
tralian genus with a hinge trough. 

The type species was described from Janjukian- 
Batesfordian (L. Oligocene-Miocene) calcarenites, and 
other collections from similar deposits show that the ge¬ 
nus is well represented in the Tertiary. 

Magadinella mineuri sp. nov. 

Fig. 4 

The species is named after Mr. Rudi Mineur in recog¬ 
nition of his assistance in numerous brachiopod projects. 

Description: Shell white to salmon-pink to red, rarely 
white with longitudinal red stripes. Maximum observed 
length 21 mm, width 15 mm, depth 10 mm. Outline nar- [ 
rowly ovate to ovate; biconvex, the ventral valve deeper 
and carinate. Anterior commissure sulcate; lateral com¬ 
missures sinuate; cardinal margin strongly curved. Beak 
erect to nearly straight; deltidial plates fused; beak ridges 
rounded. 

Dorsal valve interior with prominent adductor mus¬ 
cle impressions extending from cardinal platform to an¬ 
terior tip of septum. Cardinalia with posteriorly- , 
convergent socket ridges, not projecting beyond valve mar- I 
gin, their anterior segments fused medially with crural | 
bases; hinge trough wide posteriorly in area bordered by 1 
socket ridges, narrow and shallow in anterior area bor- j 
dered by crural bases; cardinal process variable in size. ' 
Median septum blade-like, slightly higher anteriorly than 
posteriorly. Loop trabecular. 

Ventral valve interior thickened posteriorly; beak cavity 
filled except for tunnel leading to foramen. Hinge teeth 
long, extending full widths of margins of palintropes. ( 


Fig. 1 -Anakinetica cumingi : A-G, ventral interior, ventral, lateral, dorsal, posterior, anterior and dorsal 
interior views of the shell. H, dorsal interior of posterior region of juvenile shell before fustion of the 
crural bases with the anterior surface of the cardinal process (scanning electron micrograph). I, diagram¬ 
matic longitudinal section to show pedicle system and adductor and diductor muscles. J, outline diagram 
of cardinally showing areas of muscle attachment of diductors (horizontal stipple) to the posterior surface 
of the cardinal process and of the dorsal adjustors (diagonal stipple) to areas Banking the anterior surface 
of the cardinal process. K, reconstruction of a living individual in medium bryozoan sands. 

Bar scale = 1 mm 
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Fig. 3 — Parakinetica stewarti: Distal ends of pedicles of 2 individuals illustrating in A the grain of sedi¬ 
ment used for larval bonding at the end of one process and B a later stage of development in which the 
processes are free of substrate. Growth lines are visible at regular intervals along the lengths of the processes. 
C, scanning electron micrograph of the loop and lophophore. 

Bar scale = 1 mm 


Socket ridge articulating surfaces, shallow grooves under¬ 
lying hinge teeth. Diductor muscle scars well-marked, ex¬ 
tending anteriorly to at least half the length of valve. 

Type Locality: NMVBSS175, 39°06'S, 147°26'E, 63 m, 
sandy shell. 

Types: Holotype NMVF52920; paratypes 52921-4. 

Occurrence: Bass Strait, Victoria (BSS 154, 173, 174, 
175, 186, 199, 203, 204) between latitudes 38 c to 40°S, 
longitudes 143°-148°E, depth 49 to 82 m. 

Genus Pirothyris Thomson, 1927 

Type Species: Magasella vercoi Blochmann, 1910. 

Dlagnosis: Uniplicate. Beak suberect; deltidial plates 
fused. Cardinal platform with a posterior hinge trough 
and solid anterior hinge plates. Loop haptoid. 

Geologic Occurrence: Recent. 

Locality: Australia. 

Comments: Pirothyris is the only terebratellid genus 
known with uniplicate folding and a shell in which depth 
is greater than width. In other genera, width is greater 
than depth so that a shell rests on the dorsal or ventral 
valve in contrast with shells of R vercoi that lie on either 
side. Other living brachiopods with a similar depth/width 
relationship are members of the Terebratulacea. One ex¬ 
ample is Liothyrella neozealanica which is also uniplicate 
in folding. At present, this association of characters ap¬ 
pears to be related to different orientations of the resting 


shell. Sedentary populations of L. neozealanica differ 
from the terebratellid and rhynchonellid species observed 
in the same area (Richardson 1981a) in that individuals 
are suspended by the pedicle. Thus they can occupy only 
the under-surfaces of rocks not their vertical or upper 
faces as do the terebratellids that lie on these surfaces. 

Pirothyris differs from other living magadinids in that 
adults display a variety of substrate relationships as a result 
of variability in the length of the pedicle and the size of 
substrates used for settlement. Differences in pedicle 
length are not evident in hard structures. 

In both Magadinella and Pirothyris the dorsal adjus¬ 
tor muscles are attached to a hinge trough which is bor¬ 
dered anteriorly by solid hinge plates. These two genera 
are also similar in the absence of well-defined palintropes 
and of beak ridges and in the strong convexity of the 
valves. However, the fact that depth is greater than width 
in P. vercoi means that the shell of this species rests on 
its side whereas that of M. mineuri rests on either valve. 

Pirothyris vercoi Blochmann 1910 
Fig. 5 

Magasella vercoi : Blochmann 1910, pp. 91, 92, 98, pi. 27, 
figs 1-5. 

Pirothyris vercoi: Thomson 1927, pp. 280-1, figs 94 a-c. 
Pirothyris vercoi: Richardson 1975, pp. 197-205, pi. 15, 
figs 1-7. 

Type Locality: Backstairs Passage, S.A. 

Types: South Australian Museum, Adelaide, S.A. 


Fig. 2—Parakinetica stewarti : A, outline diagram of cardinalia showing areas of muscle attachment of 
the diductors (horizontal stipple) to the posterior surface of the cardinal process and of the dorsal adjus¬ 
tors (diagonal stipple) to areas flanking the anterior surface of the cardinal process. B. diagrammatic lon¬ 
gitudinal section to show pedicle system and adductor and diductor muscles. C-I. dorsal, ventral, dorsal 
interior, ventral interior, lateral, anterior and posterior views of the shell (scanning electron micrographs). 
J, reconstruction of living individuals in fine bryozoan sands —inset diagrams showing pedicle movement. 

Bar scale = 1 mm 
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Occurrence: Verco’s (1910) records give a number of lo¬ 
calities in South Australian waters at depths of 22 to 300 
m with the observation that the largest collections were 
made in Backstairs Passage at depths of 30 to 44 m. Col¬ 
lections identified by the author from Bass Strait (BSS 
120, 183, 188, 192, 200, 203), and South Australia (Port 
Sinclair and Pearson Island), represent a range of latitudes 
32° to 40°S, longitudes 133° to 144°E, depths of 48 to 
85 m, on medium sand. 

Super family Rhynchonellacea Gray 1848 
Family Cryptoporidae Muir-Wood 1955 
Genus Aulites gen. nov. 

Etymology: Aulites Gk. m. = tent dweller. 

Type Species: Atretia brazieri Crane 1886. 

Diagnosis: Rectimarginate to uniplicate Cryptoporidae 
with outer hinge plates and without dental plates. 

Geologic Occurrence: Late Oligocene and Recent. 

Locality: Australia. 

Comments: With the transference of Aulites brazieri from 
Cryptopora , the Family Cryptoporidae now contains two 
genera. They differ from all other Recent rhynchonellids 
in beak characters (narrow, marginal deltidial plates bor¬ 
dering the delthyrium), crura (maniculifer), cardinal 
process (bilobate thickening), and in the median septum 
(high). Members of the family in which soft parts are 
known possess two pairs of adductor muscles and one pair 
of metanephridia, while one pair of adductors and two 
pairs of metanephridia characterise the members of other 
rhynchonellid families. 

Aulites brazieri is distinguished from species attributed 
to Cryptopora by the absence of dental plates and the 
presence of hinge plates. Other consistent differences are 
the larger foramen and narrower palintropes of the Aus¬ 
tralian species —external features associated internally with 
widely separated socket ridges and curved, not straight, 
crura. Since Aulites is a monotypic genus, the features 
that discriminate between species and genera are 
unknown. However, it is probable that the presence or ab¬ 
sence of structures is more likely to separate genera than 
differences in the relative proportions of structures such 
as foramen and socket ridges which are likely species 
differentiators. 

Species of Cryptopora are found in most seas and at 
most depths —in abyssal as well as shallow waters. Au¬ 
lites brazieri is the only living species found in Australia 
and is also the only species within the family in which 
distribution in relation to sediment is known. Living in¬ 
dividuals are sedentary in habit and have been found only 
on the under-surfaces of species of free-living Bryozoa. 
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The species has been re-described because previous ac¬ 
counts do not include diagnostic characters or descrip¬ 
tions of soft parts. 

Aulites brazieri (Crane, 1886) 

Fig. 6 

Atretia brazieri : Crane 1886, pp. 183-4. 

Cryptopora brazieri : Hedley 1906, p. 467, pi. 36, figs 1-2. 
Cryptopora brazieri : Cooper 1959, p. 18. 

Description: Shell impunctate, white, smooth, delicate, 
translucent, with faint radial lines. Maximum observed 
length 2.9 mm, breadth 1.95 mm, depth 1.0 mm. Dorsal 
outline pyriform with pointed apex. Unequally biconvex, 
the ventral valve deeper, dorsal valve with two ridges con¬ 
verging at umbo. Anterior commissure rectimarginate; 
lateral commissures straight; cardinal margin slightly 
curved. Beak erect; deltidial plates discrete, narrow, mar¬ 
ginal; foramen subapical, triangular; beak ridges sharp. 

Dorsal interior with socket ridges, short, widely sepa¬ 
rated. Outer hinge plates shelf-like, extending from dorso- 
mcdial borders of socket ridges, anteriorly continuous 
with crura. Paired thickenings, semi-circular in outline, 
occupying shell border between posterior extremities of 
socket ridges. Adductor muscle impressions wide, almost 
circular, area with anterior border just posterior to an¬ 
terior limit of septum. 

Ventral interior with low median ridge in central region 
of valve. Pedicle collar incomplete, lining apex of valve 
interior, merging walls just posterior borders of hinge 
teeth. Muscle impressions not visible. 

Lophophore spirolophous. Intestine straight, without 
distal enlargement. Metanephridia one pair. Gonads 
reticulate. 

Adductor muscles two pairs, each with paired attach¬ 
ments to dorsal valve and single attachment to ventral 
valve; posterior adductors attached to area of dorsal valve 
between bases of socket ridges and posterior limit of sep¬ 
tum, vcntrally to mid-region of ventral valve in an area 
at the level of the hinge teeth; anterior adductors with 
broadly ovate attachments flanking median septum and 
terminating vcntrally in mid-line of ventral valve anterior 
to posterior adductors. Diductor muscles paired, extend¬ 
ing anteriorly to mid-region of valve; posteriorly the ter¬ 
minations of the paired muscles united by connective 
tissue with the muscular tissue attached to paired thick¬ 
enings on the valve’s posterior border and connective tis¬ 
sue to the area between the thickenings. 

Pedicle short with chitinous coat, attached to substrate 
close to foramen. Dorsal adjustor muscles thin, ribbon- 
like bands, running from lateral faces of the pedicle to 
junctions of the outer hinge plates and socket ridges; ven¬ 
tral adjustors extending from proximal end of pedicle 


Fig. 4 — Magadinelta mineuri : A-E, lateral, anterior, posterior, dorsal, and ventral views of a shell. F, dor¬ 
sal view of a shell with colour markings. G, ventral interior. H, diagrammatic longitudinal section to show 
pedicle system and adductor and diductor muscles. 1, dorsal interior. J, outline diagram of cardinalia showing 
areas of muscle attachment of the diductors (horizontal stipple) to the posterior surface of the cardinal 
process (diagonal stipple) and of the dorsal adjustors (diagonal stipple) to the hinge trough underlying 
the anterior surface of the cardinal process. K, reconstruction of living individuals in coarse bryozoan sands. 

Bar scale = 1 mm 
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flanking adductor muscles, with attachments posterior to 
diductor muscles. 

TYpe Locality: Port Stephens, N.S.W., at 25 fathoms, 
sandy mud. 

TYpes: Davidson Collection, BMNH. 

Occurrence: Janjukian (late Oligocene) Mallee Bore II, 
430'to 432'. Recent — NMVBSS 121, 194, both fine sand. 
WAM 290-86, 292-86, 293-86, 299-86, 301-86, 306-86. 
Queensland —Mast Head Island. 

The shells of Aulites brazieri have been collected from 
depths of 34 to 228 m off the eastern, southern, and 
western Australian coasts, i.e. between latitudes of approx¬ 
imately 23° & 39°S and longitudes of 113° to 154°E. Col¬ 
lections from Bass Strait, Victoria, have shown that living 
individuals are found only on free-living bryozoans which 
are the dominant living organisms in sands collected from 
the Bass Strait stations listed above. Samples from these 
stations contain at least fifteen free-living bryozoan spe¬ 
cies (P. Bock, pers. comm.) and A. brazieri was found 
attached to Selenaria maculata and Lunulites capulus. The 
only other record of living specimens by Hedley (1906), 
also notes their presence on the undersurfaces of 
bryozoans but with no record of the sediment sampled. 

Comments: Cooper (1959) suggested that the Miocene spe¬ 
cies Terebratella acudrostra Chapman may be a synonym 
ol Aulites brazieri and study of the holotype, the only 
specimen, confirms that, in external features at least, it 
is indistinguishable from Aulites brazieri. 

FUNCTIONAL MORPHOLOGY 

All the species described were collected live, but from 
depths (55-120 m) that prevented in situ studies. Conse¬ 
quently, the behaviour of individuals was observed in 
aquaria in the sediments in which they were collected. It 
is assumed that the movements of individuals would be 
similar in laboratory conditions to those in natural sur¬ 
roundings although their amplitude and frequency would 
probably differ. 

Comparative anatomical studies of the four magadinid 
species showed that no differences are apparent in the 
form and disposition of nephridia, gonads, gut, digestive 
diverticula, or of the circulatory system as described in 
detail for one species, Anakinetica cumingi, by Richard¬ 
son & Watson (1975b). The lophophore is plectolophous 
in all and differences in the extent of coiling of the spiral 
arm can be related to size, relative to total shell space, of 
the mantle cavity (Richardson & Watson 1975b). Adduc¬ 
tor and diductor muscles are inserted on the same sur¬ 
faces and occupy the same position relative to other 
structures. 


Pedicles: Of the soft parts, only the pedicle system diff ers 
in each of the four species, in the form of the pedicle ^ n( j 
in the position of the muscles. In all species it is defined 
as “inert” (Richardson 1979), i.e., composed of a thjck 
chitinous coat enclosing a fibrous core. Adults of two of 
the species (Pirothyris vercoi and Magadine/la minei< n ) 
studied retain the substrate used for larval settlement. i n 
two others (Anakinetica cumingi and Parakinetica 
Stewarti) it is outgrown at an early stage of development, 
and the pedicle is free with chitinous processes fringing 
its distal end. Either three (in P. vercoi and M. minei ir j) 
or four (in A. cumingi and P steward) pairs of pedi c l e 
muscles connect the head of the pedicle with the sh^ll. 
The position of the ventral adjustors is similar in all spe¬ 
cies, and their contractions pull the pedicle into the sh^ll. 
The action of the dorsal adjustor muscles differs accord¬ 
ing to the areas of the cardinalia used for their attach¬ 
ment. A posterior position, in pits flanking the cardinal 
process as in A. cumingi , means that these muscles jjre 
more or less parallel to the pedicle and so contractions 
will extrude the pedicle. In these species the median pcdi c l e 
muscles are long, thin, and contractile and their contrac¬ 
tions assist in the extrusion of the pedicle. Contractions 
of dorsal adjustor muscles that are attached to regions 
of the cardinalia anterior to the cardinal process (the hii)ge 
trough or plates) result in rotation of the pedicle. With 
adjustors in this position, the median pcdicle muscles <*re 
short and fibrous and they hold the pedicle in position 
during contraction of the dorsal adjustors. 

Movement: Parakinetica stewarti moves in similar fashion 
to Anakinetica cumingi by the ratchet-like action of a free 
pedicle (Figs 1, 2). However, although the muscles, their 
position, and their actions are similar in each species the 
direction of movement of individuals differs in each be¬ 
cause they also differ in shell shape. P. stewarti is subcir¬ 
cular in outline with a flat dorsal valve and a short beak 
and contractions of the muscles result in movements that 
are roughly parallel with the surface of the sediment. The 
same movements in A. cumingi , which is biconvex and 
ovate, result in movement of the shell in an upward and 
forward direction. In P. stewarti , the pedicle processes are 
long and slender and extend from the lateral and dorsal 
surfaces of the distal portion of the pedicle. Differences 
in the length and position of the processes in these two 
species are linked with activity in sediments of different 
grain size. The short, thick, closely-spaced processes of 
A. cumingi are associated with movement in medium to 
coarse bryozoan sands, the long, thin processes of P 
steward with that in fine sands. 

Collections of young individuals of Parakinetica 
stewarti show that larvae settle on fragments that com¬ 
prise the sands occupied by adults. The pedicles of in- 


Fig. 5-Pirothyris vercoi : A-F, ventral, dorsal, ventral interior, posterior, lateral, anterior views of shells. 
G, scanning electron micrograph of dorsal interior. H-J, 3 individuals with pedicles of different lengths, 
each bonded with fragments of bryozoan colonies. K, outline diagram of cardinalia showing area of mus¬ 
cle attachment of the diductors (horizontal stipple) to the posterior surface of the cardinal process and 
of the dorsal adjustors (diagonal stipple) to the hinge trough underlying the anterior surface of the cardi¬ 
nal process. L, diagrammatic longitudinal section to show pedicle system and adductor and diductor mus¬ 
cles. M, reconstruction of living individuals in medium bryozoan sands. 

Bar scale =1 mm 
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dividuals with a shell length of 1.5 mm display only two 
or three processes (Fig. 3A) with a fragment bonded to 
the tip of the pedicle’s central shaft. That is, the tip of 
the pedicle retains the fragment used for larval settlement. 
Fragments have not been observed on the pedicles of most 
individuals larger than 1.5 mm. However, in those in¬ 
stances in which the fragment is retained, it is not fixed 
to the pedicle tip but appears as a ring around its shaft. 
The pedicle tip has apparently grown through and beyond 
the original site of bonding and disintegration and loss 
of the fragment occurs with growth. It is presumed that, 
as soon as the pedicle muscles operate as observed in 
adults, the larval substrate is not needed and could be an 
encumbrance to movements of the pedicle. It is em¬ 
phasised that the bonded substrate is not lost by accident 
but by active growth, i.e., by progressive chitinisation visi¬ 
ble as growth rings on the shaft and its processes (Fig. 3b). 

Magadinella mineuri appears to be confined to coarse 
bryozoan sands in which larger fragments may approxi¬ 
mate the mass of adult organisms (Fig. 4). The substrate 
is fixed permanently to the tip of the pedicle which is in¬ 
variably short. Three pairs of muscles extend from the 
head of the pedicle—ventral and dorsal adjustors and ven¬ 
tral median pedicle muscles. The dorsal adjustors are at¬ 
tached to the floor of the hinge trough. 

The living individuals displayed little movement when 
placed on the surface of sediments in aquaria. However, 
if they were covered with loose sediment, movements of 
either or both the shell and the pedicle with its bonded 
substrate would work the organism to the surface. Sedi¬ 
ment on the shell results in contractions of the pedicle 
muscles, which connect the shell with the pedicle and its 
substrate, and contractions of these muscles will twist the 
lighter of the two bodies (shell or substrate). In an inert 
medium (sediment) alternate or successive movements of 
either shell or substrate give the organism a surfacing ac¬ 
tion. The capacity to twist appears to be an important 
attribute in this species with its short pedicle and consis¬ 
tently close connection with bonded substrates. As a con¬ 
sequence, the dorsal adjustor muscles are strong but the 
size of all muscles indicates a high level of activity. The 
median pedicle muscles in sedentary or opportunistic spe¬ 
cies consist of Fibrous, non-contractile tissue whereas pink, 
contractile tissue is a major component in M. mineuri. 

Pirothyris vercoi occupies medium to coarse bryozoan 
sands and individuals are bonded throughout life with 
fragments of varied mass and shape (Fig. 5). The processes 
that bond the pedicle to carbonate surfaces are not visi¬ 
ble to the naked eye. The flexible pedicle also varies in 
length, it may be very short or approximately half the to¬ 
tal length of the shell. Variation in both pedicle length 
and the mass of bonded substrate results in differences 
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in the movements of individuals. Three pairs of muscles 
extend from the head of the pedicle —ventral adjustors 
and median pedicles to the ventral valve, dorsal adjustors 
to the hinge trough in the dorsal valve. Contractions of 
the dorsal adjustor muscles together with the shell shape 
characteristic of this species (depth greater than width) 
result in rolling movements irrespective of pedicle length. 
A short stalk combined with substrate of mass equal to 
or less than the organism results in alternate or sequen¬ 
tial movements of the shell and stalk that are also charac¬ 
teristic of Magadinella mineuri. Individuals with long 
pedicles have been observed to be bonded only with rela¬ 
tively large masses. In these individuals contractions of 
the dorsal adjustor muscles cause the shell to roll from 
side to side in response to sediment or water movements. 

Characters associated with habitat and life 
style: The movements that characterise the magadinid 
species result from differences in the position of the dor¬ 
sal adjustor muscles, in the form of the pedicle and its 
processes, and in shell shape. Differences in muscle posi¬ 
tion and pedicle type are clearly reflected in the cardina- 
lia and beak. The position of the dorsal adjustor muscles 
determines types of movement —attachment to pits in the 
posterior region of the platform shows that contractions 
extrude the pedicle, while insertions to the floor of the 
hinge trough indicate twisting movements. The position 
of the shell in relation to the sediment is evident from the 
beak ridges —sharp ridges show that the posterior end of 
the shell is the leading edge in movements within the sedi¬ 
ment, while rotating or rolling movements are characteris¬ 
tic of species with rounded beak ridges. Deltidial plates 
are fused in species in which pedicle processes are restricted 
to the tip of the pedicle (whether free or bonded), del¬ 
tidial plates are discrete in those in which processes are 
distributed along the shaft. 

Other characters that may be associated with habitat 
and life style are size and the absence of ornament or 
epibionts. Occupation of shifting sediments (Richardson 
& Watson 1975a) requires continual adjustment so that 
individuals occupy a stable position to feed at the sedi¬ 
ment/water interface. The mobility of these forms appar¬ 
ently inhibits the growth of epibionts that are so common 
on the shells of members of sedentary populations (Do¬ 
herty 1979). Members of sedentary populations also form 
the principal settling surfaces for larvae (Wisely 1969). 
However, no member of any magadinid species has been 
collected with any brachiopod attached to the shell. The 
pedicles of the smallest shells collected are invariably 
bonded with grains of sediment. The larvae may thus ex¬ 
hibit preferential settlement, or they may settle at random 
but fail to survive on surfaces other than the roughened 
grains that predominate in the sediments they occupy. 


Pi g< 6—Aulites brazieri: A-G, scanning electron micrographs of dorsal, ventral, ventral interior, dorsal in¬ 
terior, posterior, anterior, lateral views. H, small individual fixed to the undersurface of the free living 
bryozoan colony, Selenaria maeulata. I, cardinalia showing areas for the attachment of diductors on the 
posterior margin and hinge plates for the attachment of dorsal adjustor muscles. J, cardinalia showing 
complete maniculifer crura. K, diagrammatic longitudinal section showing adductors (2 pairs), diductors 
and pedicle system. L, reconstruction of individual fixed to the undersurface of living Selenaria maeulata. 

Bar scale =1 mm. 
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Various modifications of the pedicle and its muscles 
have been described which give magadinids the capacity 
to maintain a position at or near the sediment surface. 
In contrast, the surface position of the sedentary rhyn- 
chonellid, Aulites brazieri, is maintained by using free- 
living bryozoans as sites of attachment. 
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REGENERATION OF HEATH AND HEATH WOODLAND IN 
THE NORTH-EASTERN OTWAY RANGES FOLLOWING THE 
WILDFIRE OF FEBRUARY 1983 


By Margaret C. Wark, Mary D. White, David J. Robertson and Philip F. Marriott 
Angair* Incorporated, PO Box 12, Anglesea, Victoria 3230 
*Anglesea & Aireys* Inlet Society for the Protection of Flora and Fauna 

Abstract: Vegetation in the Anglesea district includes floristically-diverse and species-rich heath, tall 
shrubland, scrub and woodland communities. Plant species richnesses range from 53-134 per community. 
Variations in floristics and structure reflect differences in proximity to the sea, topography, soil structure 
and fertility, fire history and the presence of the pathogen Phytophthora cinnamomi. 

Following the wildfire of February 1983, ninety percent of all species present before the fire reappeared 
within the first year. All other species returned by year two. Thirty seven percent of all species regenerated 
vegetatively, 30% vegetatively and from seed, and 33% from seed only. Rate of recovery of cover of the 
shrub stratum in heaths and heath woodlands was faster than the rate of recovery of height (74% cf. 46% 
at 3 years). In contrast, the rate of recovery of canopy height in heath woodlands was faster than the rate 
of recovery of canopy cover (88% cf. 66% at 3 years). 

Fifty two percent of species flowered in the first year after fire, and 98% had flowered by the end of 
the third year. Most of the species which flowered during the first year were herbaceous, and included 
members of the Liliaceae, Orchidaceae, Droseraceae, Asteraceae and Gramineae. This early “herbaceous 
phase” declined in cover and density of flowering during the second and third years as shrub cover in¬ 
creased. Grazing by native and introduced mammals reduced the frequency and density of herbaceous spe¬ 
cies in the early years after fire. Though most shrubs commenced flowering within two years of fire, few 
produced seed, suggesting that early post-fire flowering may not necessarily result in early seeding. Burn¬ 
ing of the heaths and woodlands before these species reach reproductive maturity could cause long term 
changes in structure and diversity by eliminating obligate seed regenerators. 

The north-eastern Otway Ranges, Victoria (Fig. 1) is 
a species-rich area of south-eastern Australia. Over 690 
species of indigenous vascular plants (26% of the total 
Victorian flora), 25 species of native mammals and 150 
species of native birds occur in the area (White 1984, Reilly 
1985, Wilson & Maloney 1985). The region contains ex¬ 
tensive dry sclerophyll forests and heath woodlands prone 
to fire. Prior to 1983 there had been no published study 
on the fire ecology of the flora and fauna of this area. 

Following the wildfires of Ash Wednesday (17 February 
1983), in which 37,000 ha of vegetation near Anglesea and 
Aireys Inlet were burnt, a ten year study of post-fire recov¬ 
ery of vegetation and fauna was initiated. 

The aims of this project were: 

1. to describe vegetation regeneration following wildfire 
in six of the major plant communities in the district 
(coastal heath, heath woodland, ironbark forest, sand- 
dune scrub, swamp thicket and fern gully); 

2. to examine post-fire recolonization of these plant com¬ 
munities by small mammals, birds and insects; and, 

3. to provide information for use in planning of conser¬ 
vation management. 

This paper presents data on regeneration of coastal 
heath and heath woodland communities in the first three 
years after fire, and describes their floristics and struc¬ 
ture. Regeneration strategies and post-fire flowering 
response of species in these communities are also 
described. Mammal, bird and insect data have been 
reported separately (Reilly 1985, Wilson & Moloney 1985, 

Andersen 1987). 


SITE DESCRIPTIONS 

Three sites (A, B and C) containing heath and heath 
woodland communities (Fig. 1, Table 1) were selected in 
undulating terrain on soils derived from Tertiary sediments 
known as the Eastern View and Demons Bluff Forma¬ 
tions (Pitt 1981). Site A was on a coastal cliff top, and 
the other two sites were 2 to 4 km inland. All sites sup¬ 
ported natural vegetation. 

Each site contained several plant communities (sub¬ 
sites) ranging from closed heath to woodland. The struc¬ 
tural terminology used follows Specht (1970). Overstorey 
eucalypts were of mixed age, density and species, and all 
subsites had heathy understoreys (Tables 1 & 2). Except 
for subsite Bl, which may have been affected by strip min¬ 
ing of gravel, all subsites were undisturbed. 

The fire history of each site differed (Table 1). The 
high-intensity 1983 wildfire destroyed all surface vegeta¬ 
tion and crown-fired or 100% crown-scorched the eucalypt 
overstorey at all subsites (Table 1). This fire occurred fol¬ 
lowing a drought year (1982) in which the total rainfall 
at Anglesea was 452 mm, 68% of the annual mean (657 
mm). Rains of over 80 mm fell one, three, seven and eight 
months after the fire. Total rainfalls for 1983, 1984 and 
1985 were 683, 685 and 717 mm respectively. 

Because of the extent of the fires, no comparable un¬ 
burnt subsites were available for study. 





Site Descriptions 
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Fig. 1 — Locality map showing location of the eastern Otway 
Ranges, Victoria, and sites A, B and C near Anglesea. Stippling 
indicates the area burnt on 16 February 1983. The fire advanced 
from the south west. 

METHODS 

Soils 

Soils were sampled at all subsites at 2 months, 1 and 
2 years after fire. Two month and one year samples were 
single topsoil cores (10x10 cm deep) taken adjacent to 
quadrats. Two year samples consisted of composite sam¬ 
ples of 40 topsoil cores (2x 10 cm deep) taken randomly 
throughout each subsite using a Soilcrete soil sampler 
(Selby-Anax, Sydney). 

Profiles 

Soil profiles were examined at each subsite by digging 
pits down to the upper B horizon. For each pit, colour 
and texture variations of the A and B horizons and the 
depth of the A horizon were recorded. Colour was deter¬ 
mined using Munsell soil colour charts (Kollmorgen Cor¬ 
poration, Maryland, 1975). 

Chemical analysis 

Samples of the A horizon collected 1 and 2 years post¬ 
fire (at all subsites except B1 and C4) were tested for pH 
and analysed for available P, total Kjeldahl N, organic 
C, and exchangeable Na, K, Ca and Mg by the State 
Chemistry Laboratory, Victoria. Procedures used are 
described in their Methods Manual (Anon 1986) under 
the following codes: soils 009 (pH), soils 010 (Olsen phos¬ 
phorus), soils 006 (exchangeable cations; Tucker), soils 007 
(total Kjeldahl nitrogen), soils 014 (organic carbon; Walk- 
ley & Black). 

Moisture 

Field observations were made of soil water-logging at 
all sites and plant species found in damp areas were noted. 

Soil pathogens 

Samples of surface soil 10x10 cm, taken near dying 
plants of Isopogon ceratophyllus and Xanthorrhoea aus¬ 


tralis three years after the fire were tested for the presence 
of infectious propagules of Phytophthora cinnamomi by 
Dr. G. C. Marks (Von Mueller Institute, Victoria) using 
a cotyledon baiting technique (Marks & Kassaby 1974), 
Sites where Phytophthora infection may have been present 
pre-fire were identified by the presence of burnt-out bases 
of stems of Xanthorrhoea australis. 

Vegetation 
Prefire data 

Detailed species lists were prepared for each site prior 
to the 1983 fire. However, no quantitative data on pre- 
fire floristics or vegetation structure were available. 

Data collection 

Fifty-eight 1x2 m permanent quadrats, placed ran¬ 
domly on 0.25 — 1 ha subsites (Table 1) one month after 
the fire, were used to record floristic composition and 
structural changes in the understorey in autumn and spring 
for three years after fire (2, 8, 14, 20, 26 and 32 months). 
Number, maximum height and cover values were recorded 
for all species of vascular plants, mosses, liverworts and 
lichens. Cover values of bare ground and litter were also 
recorded. Cover values were scored on the Braun-Blanquet 
scale (Mueller-Dombois & Ellenberg 1974). Records were 
made of regeneration strategies and flowering times of 
all species 2-32 months after fire. Field observations were 
used to supplement quadrat data on floristics, flowering 
and regeneration strategies. Nomenclature of plants fol¬ 
lows Forbes et al (1984) except for the recently described 
Grevillea infecunda D. J. McGillvray (1986) and Hakea 
repullulans H. M. Lee (1985). Nomenclature of Or- 
chidaceae follows Clements (1985) and Weber and Bates 
(1986); mosses —Scott and Stone (1976); liverworts —Scott 
(1985); and, lichens —Filson and Rogers (1976). 

The density and regeneration strategies of the 
dominant eucalypts were recorded. Rectangular extended 
plots (11x12 m) were used to map positions of trees ad¬ 
jacent to the small quadrats, and to monitor canopy recov¬ 
ery with time. Pre-Fire heights were estimated from charred 
canopy remains. 

Regrowth of established trees (stems > 10 cm girth) 
was measured by changes in trunk girth, total regrowth 
height, mean canopy width, and maximum length of 
basal, trunk and crown epicormics. Height data presented 
were derived from measurements of 10-15 trees of the 
tallest stratum per subsite. Girths of trunks were meas¬ 
ured at the base in coastal shrubland, and at 1.45 m in 
scrub, tall shrubland and woodland. 

Data analysis 

Floristic data were analysed by computer classifica¬ 
tion and ordination techniques using four programs of 
the CSIRO “Taxon” range, MAC1NF, GCOM, PCOA and 
BACRIV (Williams 1976, Ross 1982). The survey data 
matrix (95 quadrats x 171 species) was coded in binary for¬ 
mat (presence/absence only) and the programs used to 
evaluate variability within and between communities of 
the three sites at one and three years after fire. 

Structural data were analysed graphically. Vegetation 
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profiles were prepared for all subsites following the fire, These signs were most marked at subsite B3, a subsite with 
and at yearly intervals thereafter. a high water table, located below a fire access track. Here 

about 12% of Xanthorrhoea plants which resprouted fol- 
RESULTS lowing the fire died by the third year. 


Soils 

Profiles 

All soils were duplex, with A horizons of variable 
depth (0.125-0.8 m) and texture (loamy sand, sand or 
gravel-Table 1). Iron nodules were present in soils der¬ 
ived from the Demons’s Bluff Formation (Subsites Al, 
A2, A3, Cl). Colour of the A horizon was similar for 9 
of the 10 subsites —falling in the Munsell 10 YR range. 
The one exception had an eroded profile (subsite A3, 7.5 
YR—Table 1). The upper horizon was composed either 
of sandy clay, clayey sand, sand, gravel or coffee rock. 
Both profiles containing coffee rock were from subsites 
with perched water tables for part of the year. 

Chemical analysis 

Soils at the subsites ranged in pH from 4.3 —5.8, and 
all were low in nutrient cations, N, P and organic matter 
(Table 5). No significant difference in fertility was seen 
between soils of heath or heath woodland. The level of 
Na, Ca, Mg and K was higher in coastal soils (site A), 
probably due to its geological history and salt spray depo¬ 
sition from on-shore winds (Parsons & Gill 1968, Parsons 
1979). 

Analyses of topsoil sampled one and two years after 
fire showed no significant change in nutrient levels be¬ 
tween these times (Table 5, P>0.05), and suggests that 
any “ash bed” effect had disappeared by the first year. 
Unfortunately topsoil samples collected two months af¬ 
ter the fire were mislaid so no information is available on 
nutrient levels immediately after fire. 

Moisture 

All soils were waterlogged during winter (June-August) 
and appeared droughtcd during summer (December- 
February). Gahnia radula was present in damp areas at 
all sites. 

Phytophthora cinnamomi 

Phytophthora cinnamomi was isolated from soil at 
most sites three years after the fire. Symptoms of disease 
(dead or dying plants of Xanthorrhoea australis , Isopo- 
gon ceratophyllus and Banksia marginata) were quite com¬ 
mon at 6 subsites (A2, Bl, B2, B3, C2 and C3) all situated 
on slopes, near roads, or along drainage lines. A few 
burnt-out bases of Xanthorrhoea were present at all these 
subsites, suggesting that Phytophthora was present and 
had killed some Xanthorrhoea well before the fire 
occurred. 

Upslope from subsites B2 and B3, the understorey was 
composed of sedges (Lepidosperma semiteres, Gahnia rad¬ 
ula) and burnt-out bases of Xanthorrhoea. No sclerophyl- 
lous heath species was found. Lower down the slope 
(subsites B2, B3) signs of Phytophthora infection were ap¬ 
pearing in the heathy understorey —including chlorosis, 
dieback and death of X. australis , /. ceratophyllus , 
Monotoca scoparia, Epacris impressa and B. marginata. 


Vegetation 

Floristics 

A total of 252 species were recorded prior to the fire 
(Table 2). All reappeared in the first three years after fire. 
One additional species, Opercularia scabrida , not previ¬ 
ously recorded in the district, appeared two years after fire. 

Seven introduced species were present at low density 
in communities adjacent to grazing lands (. Aira caryo- 
phylla, Vulpia myuros ), or along drainage lines below 
roads (Holcus lanatus, Hypochoeris radicata, Cirsium 
vulgare). 

A total of 6 tree species, 67 shrubs, 141 herbs (includ¬ 
ing 40 orchid species), 22 species of graminoids, 7 ferns 
and 12 non-vascular plants were present (Table 2). (In this 
paper the term herb will be used to mean herbaceous spe¬ 
cies and will include members of 25 families of vascular 
plants including Asteraceae, Droseraceae, Gramineae, 
Iridaceae, Liliaceae and Orchidaceae. Similarly, grami¬ 
noids will be used to mean sedges and rushes —families 
Cyperaceae, Juncaceae and Restionaceae.) The propor¬ 
tions of trees, shrubs, herbs, graminoids and other groups 
differed little between plant communities. Two heath com¬ 
munities (subsites Al and C3) and eight heath woodland 
communities (subsites, A2, A3, Bl, B2, B3, Cl, C2 and 
C4) were identified (Table 2). 

The most widespread tree, Eucalyptus obliqua , oc¬ 
curred in varying proportions (3-940 stems/ha) in all sub¬ 
communities, and ranged in habit from 11.8 m 
single-trunked trees in sheltered areas (Table 1, Fig. 4) to 
low, sprawling 2.5 m multi-stemmed shrubs on exposed 
cliff tops (Table 1, Fig. 3). Density of seedlings of E. ob¬ 
liqua three years after fire ranged from 5-15/hectare in 
heaths to 1300-5000/hectare in heath woodland 
communities. 

Plant communities were floristically diverse. Species 
numbers ranged from 69-107 for heath subcommunities 
(Fig. 2), and from 53-134 for heath woodland subcom¬ 
munities. Fifty to eighty percent of species in each sub¬ 
community were sampled in the 1x2 m permanent 
quadrats at year 3, giving a species richness in quadrats 
of 36-66 species. Fifteen species were found in all 10 sub¬ 
communities, including Banksia marginata , Epacris im¬ 
pressa , Leptospermum myrsinoides, Gahnia radula and 
several species of herbs. Floristics of these subcommuni¬ 
ties are presented as presence-absence data in Table 2. Data 
on species density, frequency and cover are available from 
the authors. 

Computer analysis (using classification techniques) 
divided the plant communities into two distinct floristic 
alliances (Fig. 2) on the basis of common understorey spe¬ 
cies. Further subdivision revealed the presence of 10 dis¬ 
tinct subcommunities (all with heathy understories) and 
identified floristic differences between them (Fig. 2, Ta¬ 
ble 2). Ordination techniques (data not presented here) 
confirmed these results. Computer analysis also showed 
that the species composition of each subcommunity 



Table 2 

Floristic Comparisons Between Subsites 1 & 3 Years After Fire 

Key: 1 = present in quadrats year 1; 3 = present in quadrats year 3; (1) = present at site year 1; (3) = present at site year 3; *11 x 12 m quadrats;** 1 x2 m quadrats. 
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CH TS os w w/rs T^Vv w/rs OH W Wyfcs 

I I 1_J 


COMMUNITY 

TYPE 

ALLIANCE 


107 134 86 80 99 86 100 53 69 64 TOTAL 

SPECIES 


Fig. 2-Dendrogram showing hierarchical classification of the vegetation communities studied. Computer 
packages used were GCOM and MACINF. Species associating with the two main alliances are indicated. 
Vegetation structural types are: CH = closed heath, OS = open scrub, TS = tall shrubland, W= woodland, 

CS=closed scrub, OH = open heath. 


changed little in the first three years after fire. Ninety per¬ 
cent of all species present by the third year appeared in 
the first year after fire (Table 2). 

Alliance I (Subsites Al, A2, A3 and Bl) was composed 
of subcoinmunities containing Amphipogon strictus, 
Lepidosperma concavum, Gompholobium ecostatum and 
Spyridium vexilliferum , and included closed heath, scrub, 
tall shrubland and woodland structural types. Some spe¬ 
cies associated with Alliance I (e.g. Gompholobium 
ecostatum) occurred only at sites where soils contained 
iron nodules and were derived from the Demon’s Bluff 
Formation (Tables 1, 2, Fig. 6). 

The subcommunities of Alliance II (subsites B2, B3, 
Cl, C2, C3, C4) contained Hypolaena fastigiata, Hibber- 
tia prostrata, Dillwynia glaberrima and Platysace heter- 
ophylla (Fig. 2). All occurred on sandy or gravelly soils 
(Tables 1, 2, Fig. 6), and included tall shrubland and wood¬ 
land and open heath structural types. 

The distinct floristic differences between some sub¬ 
communities appeared to reflect variations in drainage, 
soils and topography. Different species of sedge or rush 
were commonly associated with communities on certain 


types of soil and topography. Communities on peaty soils 
in depressions or along drainage lines almost always con¬ 
tained Gahnia radula and the shrub Leptospermum 
juniperinum. Communities on clayey or loamy soils con¬ 
tained varying proportions of Schoenus breviculmis, 
Lepidosperma semiteres or Lepidosperma neesii. Com¬ 
munities on sandy or gravelly soils all contained 
Hypolaena fastigiata. 

Structure 

The fire completely incinerated the understorey at all 
sites, and killed the top 0.9-2.8 m of the eucalypt canopy. 
Very small trees (girth < 10 cm) were burnt to the ground. 

The overstorey and understorey at all sites re¬ 
established in the first three years after fire (Figs 3, 4). 
Approximate rate of recovery of canopy height (relative 
to the original height) was faster than the rate of recov¬ 
ery of canopy percentage cover. In contrast, rate of recov¬ 
ery of understorey percentage cover (relative to the original 
percentage cover) was faster than the rate of recovery of 
understorey height (Fig. 5). 

Ninety percent of eucalypts survived the fire and 
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vegetative regrowth commenced within 2-3 months. Eu¬ 
calyptus obliqua of girth at breast height greater than 0.5 
m pre-fire, generally sprouted from trunk and crown 
eplEfcrmic buds, whereas trees of less than 0.3 m sprouted 
from the lignotuber only. Stem mortality was high in open 
scrub (Fig. 3), where fire intensities had been high. Here, 
over 60% of all multiple stems were killed. No signifi¬ 
cant changes in girth were observed in the first 3 years 
after fire. In shrubland and scrub communities basal 
epicormics of eucalypts contributed significantly to the 
vegetation cover during years one to three. By three years, 
the percentage recovery of canopy height in heath wood¬ 
land was 77-100% in crown fired and 84-100% in crown 
scorched eucalypts (mean 90% for all). Percentage recov¬ 
ery of canopy cover was 66% for most communities, less 
in scrub and at dry sites (range 28-100%, mean 61% for 
all, Table 3). 

Salt spray affected overstorey height and cover recov¬ 
ery at site A. Here, young regrowth on the seaward side 
of E. obliqua (Fig. 3a) was killed by chloride toxicity. 
Height recovery of Leptospermum myrsinoides and 
Monotoca scoparia in the heathy understorey was simi¬ 
larly affected. 

During understorey recovery, mean percentage cover 
of bare ground decreased from 98% at year one, to 39% 
at year three (Fig. 7). Understorey height at three years 
differed between subsites (range 0.2-1.0 m, Table 3, Figs 
3, 4) and the percentage height recovery (relative to the 
original height) ranged from 20-67%. Mean percentage 
height recovery of heath and heath woodland was simi¬ 
lar (42.5% c.f. 48.3% by year 3, Fig. 5). Understorey per¬ 
centage cover at three years also varied between subsites 
(Table 3, Fig. 6), as did the percentage recovery of this 
percentage cover (range 28-100%). Mean recovery of cover 
of the shrub stratum was similar for heath and heath 
woodland (70% c.f. 78% by year 3, Fig. 5). 

Cover of herbs never exceeded 1% in heaths or heath 
woodlands in the First 3 years following fire (Fig. 7). In 
contrast, cover of shrubs increased with time and, by year 
three, formed 67.5% cover in heaths (Fig. 7). Similar shrub 
cover was seen in the understorey of heath woodlands by 
year three (Fig. 7). Sedges and rushes were a significant 
cover component in heaths by year three, as were Xan- 
thorrhoea australis and mosses in some heath woodlands 
(Table 3, Fig. 6). The variation in shrub stratum cover be¬ 
tween subsites at three years (Fig. 6) probably reflected 
differences in fire intensity, eucalypt canopy cover, soil 
structure, drainage and grazing. With the exception of sub¬ 
site B1 (disturbed), greatest recovery rate (of both height 
and percentage cover) was seen in crown-scorched sub¬ 


communities (subsites B2, B3, C4, Tables 1, 3) on slop 
ing sites, with gravelly soils of moderate depth. 

Regeneration strategies 

Regeneration was either by regrowth (from dorman 
buds, in stems, lignotubers, root tussocks, roots, rhizosto 
Ions, rhizomes, corms, tubers and tuberoids), from seed 
or by both means (Table 4). 

The first species to appear following the fire regener 
ated mainly by regrowth and included Xanthorrhoea aus¬ 
tralis at three weeks, and graminoids and herbs from foui 
to five weeks. Sprouting of shrubs such as Banksia mar 
ginata, Casuarina pusilla, Leptospermum myrsinoides, 
Monotoca scoparia and Platylobium obtusangulurr 
occurred by three months. By the end of year one, all spe¬ 
cies capable of vegetative regrowth, and over three- 
quarters of species which regenerated from seed, had 
appeared. 

Regeneration strategies for all species are presented in 
Table 4. Species have been grouped using the classifica¬ 
tion of Purdie (1977a & b) and will be discussed in the 
text using her terminology. Thirty seven percent of spe¬ 
cies regenerated only by vegetative regrowth. This group 
(termed “obligate regrowth regenerators”—ORS—by Pur- 
die 1977), included sedges and rushes, and geophytes such 
as orchids. Thirty three percent of species regenerated 
from seed only (“obligate seed regenerators”—OSR). This 
group was composed mainly of shrubs and herbs. The re¬ 
maining 30% of species regenerated both vegetatively and 
from seed (“facultative regrowth regenerators”—FRS). 
This group included all trees, as well as some shrubs and 
herbs. 

Examination of regeneration strategies of trees and 
shrubs showed that 54% of all trees and shrubs were either 
ORS or FRS regenerators. Most FRS shrubs showed a 
high degree of rootstock regeneration and produced very 
few seedlings (e.g. Leptospermum myrsinoides, Banksia 
marginata ), but some (e.g. Isopogon ceratophyllus, 
Platylobium obtusangulum) regenerated in equal num¬ 
bers by regrowth or seed. Regeneration from lateral roots 
and lignotubers as well as from seed occurred in Casua¬ 
rina stricta, Eucalyptus willisii and Exocarpos cupres - 
siformis. Shrubs regenerating by regrowth alone were rare, 
and included Hakea repullulans, Conospermum mitch- 
ellii and (in other parts of the district) Grevillea infecunda. 

Forty-six percent of trees and shrubs regenerated only 
from seed, and often at high density (e.g. Spyridium vex- 
illiferum 132 seedlings/m 2 , Epacris impressa 138 seed¬ 
lings/m 2 , Hibbertiaprostrata 75 seedlings/m 2 . Mortality 
of seedlings was highest during the dry summer period. 


Pig. 3 —Vegetation profiles at site A immediately after the fire and 3 years later. Horizontal and vertical 
scales are the same. Stippling and hatching indicates the extent of canopy regrowth. 

A. Tall shrubland of Eucalyptus obliqua (Eo) and Casuarina stricta (Cs) immediately after the fire (site A3). 

B. Site A3 three years after fire. Gaftnia radula (Gr), Banksia marginata (Bm), Di/lwynia hispida (Dh), 
Dillwynia sericea (Ds), Lepidosperma concavum (Lc), Leptospermum myrsinoides (Lm), Spyridium vex- 
illiferum (Sv), Xanthorrhoea australis (Xa) and Monotoca scoparia (Ms) are present in the shrub stratum. 

Cs has regenerated from lignotubers, root suckers and seed. 

C. Open scrub of Eucalyptus obliqua (Eo) and Eucalyptus baxteri (Eb) immediately after fire. Xanthor¬ 

rhoea australis (Xa) is present in the understorey (Site A2). 

D. As for Fig. 3C but three years after fire. Spyridium vexilliferum (Sv), Acacia pycnantha (Ap) Juncus 
pallidus (Jp), Hibbertia sericea (Hs), Leptospermum myrsinoides (Lm), Kennedia prostrata (Kp) and 

Lepidosperma concavum (Lc) are present in the understorey. 
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a p Fig. 4 Vegetation profiles at sites B and C at the time of the fire and 3 years later. 

uca yptus axteri (Eb) and Eucalyptus willissii (Evv) woodland/tall shrubland immediately after fire 

(site C1 ). 

XaVthZrl^n K ? Banteia marginata (Bm), Casuarina pusilla (Cp), Gahnia radula (Gr), 

suavpnlpnc (\ L \ US \ m lS 3 ’ v a ! y °^ lUfT1 obtusangulum (Po), Leptospermum myrsinoides (Lm), Acacia 
a eolens (As), Acacia myrtifoha (Am), Monotoca scoparia (Ms) and Di/lwynia sericea (Ds) are present 

in the understorey. 

n Ac f rr* El ^ alyptus °^ liqi t a (Eo) woodland with Xanthorrhoea australis (Xa) (site B2). 

m, yCarS Ba n k * ia "J ar Z inata Lepidosperma myrsinoides (Lm), Monotoca 

( 8) / EpQCriS impreSS ° (Ec) ’ Acacia nolens (As), Aotus ericoides 
p 1 a ( Hypolaena fastigiata (HO and Leptospermum juniperinum (Lj) are present 
in the understorey. 

Flowering response after fire 

There was a conspicuous flush of herbs the first spring 
(i.e. 6-8 months) after fire. Fifty three percent of the 227 
species regenerating during year one, flowered that year 
(Table 4). Most (95%) were herbs, and included Droser- 
aceae, Orchidaceae, Liliaceae and Gramineae. All species 
flowering in the first 4-5 months were ORS herbs and in¬ 
cluded the autumn and winter flowering orchids, Eriochi- 
lus cucullatus, Prasophyllum morrisii and Pterostylis 
parviflora as well as Drosera whit taker i t Brachycome 
u/iginosa and Lagenifera gracilis. 

By spring (7 months) tall inflorescences of Xanthor¬ 
rhoea australis were conspicuous at all sites, and huge 
numbers of orchids, lilies and other herbs were in flower. 


Many observers commented that colour of many speci< 
appeared more intense than in non-fire years. 

Grasses were conspicuous the first spring after fir 
Twenty one species were identified at site A, including 
species of Danthonia. Some species (e.g. Danthonia ii 
duta) flowered prolifically throughout the district and we: 
not seen in later years. 

All 40 species of terrestrial orchids recorded at the sit< 
appeared and flowered the first year after fire. Observ; 
tions suggested that the density of flowering of most sp< 
cies was higher than in normal years. No difference i 
density of flowering of orchids was observed betwee 
heath and woodland. Flowering of some orchid specie 
was stimulated by fire. Two species ( Lyperanthus nigr 
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cans and Caladenia menziesii ), which appear but rarely 
in flower in normal years, bloomed prolifically the spring 
after the fire. Another uncommon species, Caladenia 
deformiSy which appeared and flowered in huge numbers 
the first spring, was rarely seen later. Of the 96 species 
of orchid and 11 orchid hybrids recorded in the district, 
all but one (Arthrochilus huntianus) reappeared and Do¬ 
wered in the first three years after fire. Flowering of some 
species with tubers close to the surface of the soil (e.g. 
Pterostylis nutans) was reduced following fire. Flowering 
out of season (spring rather than autumn) occurred in 
some species (e.g. Chiloglottis reflexa). Seed-set accom¬ 
panied post-fire flowering for all species of orchids. Fur¬ 
ther information on the post-fire response of orchids will 
be published separately by M.D.W. 

Both number and density of herbaceous species 
decreased by half in the second and third years after fire. 
The total number of species of orchids flowering in quad¬ 
rats decreased from 28 (year 1) to 11 (year 3). Similarly, 
the number of species of grasses flowering in quadrats 
declined from 11 (year 1) to 5 (year 3). Density of 
Brachycome uliginosa and Chamaescilla corymbosa at 


subsite A1 decreased by year three to 20°/o and 44% ol 
year one values, respectively. 

Grazing of orchids, lilies and grasses by European rab¬ 
bits (Oryctolagus cuniculus) was observed from year one 
on coastal heath (subsite Al). Here the number ol spe¬ 
cies of orchids flowering in spring declined from 18 (year 
1) to 9 (year 3), and the density of flowering orchids at 
year three was 22% of that seen at year one. Grazing of 
the orchid Thelymitra antennifera by grey kangaroos 
(Macropus giganteus) t occurred on open heath (subsite 
C3). Like subsite Al, this area was not far from the fire 
boundary. Here, density of flowering at year three was 
70% of that seen in year one, though numbers of non¬ 
flowering plants of the same species had increased. 

Few shrubs flowered during year one. One conspicu¬ 
ous exception was Lornatia ilicifolia which flowered pro¬ 
lifically on regrowth. Approximately 94% of shrubs did 
not commence flowering till years two or three. By year 
three, 98% of species (248/252) had flowered including 
three species of trees and 64 species of shrubs. Not flower¬ 
ing were three species of trees (Eucalyptus aroniapholia, 
E. baxteri and E. viminalis) and two species of tall scrubs 







































Table 3 

Structure of Plant Communities —3 Years After Fire 
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Fig. 5 —Recovery of height and cover of the tree stratum (canopy) and shrub stratum 1-3 years after fire. 
Heath communities = subsites Al and C3 combined, heath woodland communities = subsites A2, A3, Bl, 

B2, B3, Cl, C2 and C4 combined. 


[Casuarina stricta and Exocarpus cupressiformis). 

Very few of the shrubs and eucalypts which flowered 
during the first 3 years set much seed, and some (e.g. the 
OSR species, Hakea ulicina ) set none. Field records 
showed that, though some shrubs (e.g. Leptospennum 
myrsinoides, Banksia marginata) sprouted and flowered 
in the first 3 years, their flowers were either not fertilized 
(B. marginata) or fell before seed set (L. myrsinoides). Lit¬ 
tle seed predation was observed in the species which set 
seed. 

Seedlings of some shrubs ( Baeckea ramosissima pros¬ 
trata , Epacris impressa and Spyridium vexilliferum) had 
a brief juvenile phase, flowering when only a few cen¬ 
timetres high, and less than 2 years old. Some (e.g. 
Baeckea ramosissima prostrata) were also short-lived, dy¬ 
ing immediately after flowering. 

Mosses were not common components of most heaths 
and woodlands, however, a definite successional pattern 
was seen in the species which established after fire. This 
was particularly noticeable in open scrub (Fig. 6, Table 
2). Funaria hygrometrica , first to appear, was replaced 
by Ceratodon purpureus during year two, then by a greater 
variety of species including Tortella calycina , Campylo- 
pus introflexus and Polytrichum juniperinum. 

DISCUSSION 

The flora of the north-eastern Otway Ranges is one 
of the most species-rich in south-eastern Australia 
(Beauglehole et al. 1977, Parsons et al. 1977, Anon 1985). 
Our study has confirmed a species-richness greater than 
most Victorian dry and wet heaths (Braithwaite & Gul- 
lan 1978, Russell & Parsons 1978) and has also shown wide 
diversity in the heath woodland communities of the An- 


glesea area. The diversity seen (86-160 species/hectare) ex¬ 
ceeds that described by Parsons & Cameron (1974) for 
heath woodland/closed heath at Seal Creek, Croajin- 
golong National Park, eastern Victoria (69 spe¬ 
cies/hectare). 

Ten heath or heath woodland subcommunities were 
identified in the areas monitored in our study. Like other 
Australian heaths they occurred on sandy, acid, lateritic 
or ground water podsols (Groves 1979). The low levels of 
available P, total N, organic C and exchangeable cations 
we have observed in these soils confirm the observations 
of Pitt (1981) for heaths and heath woodlands in the 
eastern Otways. All plant subcommunities differed both 
floristically and structurally, reflecting variations in prox¬ 
imity to the coast, fire history, topography, soil fertility 
and structure, drainage and aspect. 

The plant pathogen Phytophthora cinnamomi was iso¬ 
lated from most sites after the fire. Symptoms of past and 
recent disease were also seen. Investigations have shown 
that this pathogen is spread through soil by water (Weste 
et al. 1976) and may survive in soil and plant tissues dur¬ 
ing fire (Weste 1974). 

It appears that Phytophthora has already changed and 
will continue to change the floristics of the Anglesea 
heaths and heath woodlands (Weste & Marks 1974, Par¬ 
sons et al. 1977). In the Eucalyptus obliqua woodland 
above subsites B2 and B3, an understorey of sedges 
C Lepidosperma semiteres, Gahnia radula) has already 
replaced sclerophyllous shrubs and Xanthorrhoea aus¬ 
tralis. Similar changes have been described following 
Phytophthora infestation in the nearby Brisbane Ranges 
(Podger & Ashton 1970, Weste 1974). Whether or not fir( 
has modified the long-term effects of Phytophthorc 
(Dawson et al. 1985) cannot be established in our study 













Table 5 

Soil Analysis of A Horizon (0-10 cm) 1 & 2 Years After Fire 
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sand 


It is interesting to note that the sedges Gahnia radula 
and Lepidosperma Semite res, which are a common com¬ 
ponent of the Anglesea flora, respond vegetatively soon 
after fire; tolerate seasonally waterlogged soils favoura¬ 
ble to Phytophthora (Weste 1984); and, show partial 
resistance to this pathogen (Phillips & Weste 1984). It is 
likely that such species may act as reservoirs for exten¬ 
sion of Phytophthora throughout the eastern Otways. 

Though little invasion of exotics was seen at the sites 
we monitored, in other heaths and heath woodlands in 
the district Chrysanthemoides monilifera monilifera 
(Boneseed) regenerated from seed in high density after the 
fire. Seedlings often appeared in isolated areas, away from 
roads, pre-existing plants or settlements. Our observations 
support those of Weiss (1984a, b) that in south-eastern 
Australia this species seeds prolifically, germinates abun¬ 
dantly after fire, and that birds such as the Pied Cur- 
rawong ( Stepera graculvia) may aid in seed dispersal. The 
range of Chrysanthemoides monilifera has increased since 
the fire, and invasion is occurring in heath and heath 
woodland communities, as well as in coastal scrub, along 
cliff edges, and dry sclerophyll forest. 

The study also has shown that the heath and heath 
woodland communities of the Anglesea district were, in 
general, resilient to this severe summer wildfire, confirm¬ 
ing the observations of Specht et al. (1958), Gill (1975, 
1981) and Baird (1977) for heaths and other dry sclerophyll 
communities in southern Australia. 

The regeneration patterns described comply with the 
“initial floristic composition” models of Egler (1954) and 


Purdie and Slatyer (1976) as species present prior to the 
fire re-established during the first 3 years. 

Rapid increase in biomass and cover occur in heaths 
during the first few years after fire (Specht et al. 1958, 
Jones et al. 1969). In our studies, the total above-ground 
cover of the shrub stratum increased from 1% at year one 
to 60% at year three. This rapid post-fire growth may have 
been stimulated by increased soil minerals (“ash bed ef¬ 
fect”), resulting in increased mycorrhizal activity, coupl¬ 
ed with less competition for light and water. It would be 
expected that the rapid growth rate of the understorey in 
the heath woodlands will decrease in time as the foliage 
projective cover of the overstorey increases (Specht & Mor¬ 
gan 1981). 

All communities showed a high proportion of species 
capable of vegetative regeneration after fire. In our study 
70% of all species were either “facultative” or “obligate 
root/shoot resprouters” (Purdie & Slatyer 1976), concur¬ 
ring with the observations of Christensen and Kimber 
(1975), Purdie (1977a,b), Baird (1977), Russell and Par¬ 
sons (1978) and Specht (1981) that vegetative regrowth is 
the main regeneration strategy following fire in dry 
sclerophyll forest or heath communities in southern Aus¬ 
tralia. Thirty percent of all species regenerated only from 
seed (“obligate seed regenerators”). An almost identical 
result (27%) was obtained by Purdie (1977b) in her studies 
of dry sclerophyll woodland near Canberra. Insufficient 
data are available from our study to group species accord¬ 
ing to the vital attributes scheme of Noble and Slatyer 
(1980). 
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Fig. 7 —Cover of shrub stratum of heath and heath woodland communities 3 years after fire. Heath and 

heath woodland groups are as in Fig. 5. 


The prolific “bloom” of orchids, lilies, grasses and 
other herbaceous species seen in the first spring after the 
fire may have been due to elevated levels of P and K 
present in ash which stimulated growth and flowering, or 
to absence of competition for light, water and nutrients 
(Specht 1981). For terrestrial orchids, it is probable that 
the enchanced growth and flowering was due to nutrient 
stimulation of the mycorrhizal component of many dor¬ 
mant tuberoids (Pate & Dixon 1982). It seems unlikely that 
the huge flowering populations observed developed from 
soil-stored seed in the six to eight months following the 
fire, as under optimal conditions in cultivation most ter¬ 
restrial orchids take from 20 months to several years to 
develop tuberoids and flower (McIntyre et al. 1974, G. 
W. Carr pers. comm.). 

The decline in density and cover of the herbaceous 
component in the second and third year after fire may 
have been accelerated by reduced nutrient cations, inter¬ 
specific competition, lack of moisture, shading by shrubs 
or grazing. We observed that density and cover of 
Gonocarpus tetragynus and Opercularia varia did not in¬ 
crease by recruitment after eight months, even though both 
species produced and shed seed in the first year. Similarly, 
populations of the “fire pioneer”, Xanthosiapusilla (Rus¬ 
sell & Parsons 1978), appeared during year one, peaked 
in density during year two, then declined during year three. 
Both water stress and increasing competition may have 
determined how long these species survived. Certainly 


moisture per se was not the only factor limiting growth 
as the annual rainfall during years one to three was in ah 
cases above the mean. It is possible that the decline ir\ 
flowering of herbs observed may also have resulted in part 
from a post-fire drop in soil fertility, namely cations (Sid- 
diqui et al. 1976) and P (Table 5). The decline of the her- 
baceous component may also have been accelerated by 
grazing which commenced in year one. In our studies, 
grazing of flowering orchids by animals was observed at 
both heath sites with subsequent reduction in number anci 
density of species present. No information on ungrazeq 
sites was available so the contribution of grazing to com> 
munity diversity in the early years after fire could not be 
determined. However, in a study of recently-burnt forests 
and woodlands in the Southern Tablelands of New South 
Wales, Leigh and Holgate (1979) showed that the num¬ 
ber of orchids present after fire declined markedly on plots 
grazed by grey kangaroos. 

It appears that the communities described in our study 
may not be totally resilient to recurrent fire. Though most 
shrubs and tree species flowered in the first three years 
after the Fire, there was little evidence of seed production. 
It appears that for some species, early flowering follow¬ 
ing fire may not necessarily result in seeding, probably 
due to a combination of lack of pollinators, unfavoura¬ 
ble climatic conditions, or predation in the early years af¬ 
ter fire. Burning of such heaths and woodlands before tree 
and shrub species reach reproductive maturity could cause 
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long term changes in species richness and community 
diversity, by eliminating species which only regenerate 
from seed. Specht et al. (1958) noted that firing of South 
Australian sandy heaths, at intervals of less than five years, 
eliminated the shrub Banksia ornata. Similarly, Siddiqui 
et al. (1976) observed that regular burning of coastal scrub 
at North Head, New South Wales, eliminated the 
dominant shrubs Banksia ericifolia, Casuarina distyla and 
Hakea teretifolia , and transformed coastal scrub into open 
heath. Studies on heath woodlands in Western Australia 
(Baird 1977) indicated that an 8-10 year interval between 
fires is required if shrub species which reproduce only from 
seed are to survive in heath woodlands. Recently Gill and 
McMahon (1986) have shown that a fire-free period of 
at least 16 years is required to achieve replacement of 
Banksia ornata following fire. Our observations indicate 
that burning of the Anglesea heaths and heath woodlands 
in the early years after fire would eliminate the shrubs 
Hakea sericea and Hakea ulicina and increase the den¬ 
sity of sedges such as Gahnia radula. Further quantita¬ 
tive research is needed to determine which control burning 
regimes will maintain optimal floristic diversity in the 
heaths and heath woodlands of the Anglesea area. 

It has been established (Braithwaite & Gullan 1978, 
Fox & Fox 1981) that small mammal and bird distribu¬ 
tion in heath and heath woodland is affected by both 
structure and floristics of the vegetation. Habitat require¬ 
ments differ, some species preferring early post-fire vege¬ 
tation, and others mature communities. Firing of large 
areas at frequent intervals may reduce populations whose 
habitat is partially or fully established heath or woodland. 
A mosaic of patches covering all stages in vegetation post¬ 
fire recovery is usually required to maintain diversity of 
animal species and provide reservoirs of recolonization 
(Catling & Newsome 1981, Christensen et al. 1981, Fox 
& McKay 1981, Recher 1981, Fox 1982, 1983). Collabora¬ 
tive studies are in progress both to determine changes in 
mammal, bird and insect distribution in the regenerating 
vegetation communities of the Anglesea district (Reilly 
1985, Wilson & Moloney 1985, Wilson et al. 1986) and 
to provide data for use in total resource management. 
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Abstract: This paper documents some hitherto unpublished, medium-termclimatic da.aRom the Er- 
rinundra Plateau, a region of considerable ecological significance ' lp U “jj ( ibuted through- 

“ “” ,,y d “ s 

not last on the ground for more than a few weeks. February to 6.4°C 

Mean daily maximum temperature over the 11-year period ranged from 20.1 i The mean annual 

in July, and mean minimum temperatures trom 9.4°C in February o • months of the year, 

number of frosts was 137, with 68 of these being severe, and frosts wer ^ [ eC0 ^ ' ■ J sites of comparable 
Comparisons are made between the Plateau data and that r0 ™ . tation a re discussed, 

elevation, and some possible effects of the climate on a disease ‘ it aufte different from other 

The climate of the Errinundra Plateau has at least three features that make q distributed 

areas of similar elevation in Victoria, viz. mean annual rainfall is higher, rainfall is more > 
over the year, and frost frequency is higher. 


Most weather stations in East Gippsland (eastern Vic¬ 
toria) are situated along the coast or in settled areas along 
river valleys; hence little is known about the climate of 
the more mountainous regions further inland [Land Con¬ 
servation Council (LCC) 1974; Linforth 1969, 1976]. 
Eleven years of records are now available from a weather 
station established during 1971 on the Errinundra Plateau, 
in the mountainous region of East Gippsland. This paper 
summarises the results of the records collected, and gives 
a brief, comparative description of the climate and its pos¬ 
sible influence on the development of a foliar disease out¬ 
break in 1974, and on the unique vegetation of the 
Plateau. 

STUDY AREA 

Physiography, Geology and Soils 

Forming the southern tip of the Monaro Tablelands, 
the Errinundra Plateau consists of about 10 300 ha of un¬ 
dulating land bordered by steep escarpments to the south¬ 
east and west. The Plateau includes the Goonmirk Range 
and the peaks of Mt Morris, Cobbs Hill and the Goon¬ 
mirk Rocks (Fig. 1). It is separated from the Central High¬ 
lands of Victoria and the Great Dividing Range by the 
Snowy and Tambo River valleys (Fig. 1). In this paper, 
the Errinundra Plateau is defined as the area that is mostly 
above 1000 m elevation, south of 37° 10' S latitude and 
between 148° 45' and 149° 00' E longitude (Fig. 2), but 

excluding Mt Ellery. . 

The majority of the Plateau falls within the Ernnun- 
dra Land System which is part of the Bonang Land Zone 


LCC 1974). Bedrock is composed of Ordovician sedi- 
« n 7s with some Upper Devonian granod.onte at the 
ioonmirk Rocks and in the south-west. Most of the soils 
re fertile, friable, reddish or brownish, and have a grada- 
onal profile (LCC 1974). Deep humus layers occur un- 

er mature forests. 


/egetation 

The Plateau is entirely forested, with tall (> 50 m) 
■ucalypt forest predominating. The principa species is Eu- 
atvptus nitens Maiden (shining gum); and the most ex- 
ensive stands of this species in Australia occur here. 
£5 appear to be most.y between 200 and 250 years 
}ld and many are pure (K. Piercy and P. W. Woodgate, 
,ers. comm. 1984). In mixed stands the most common 
rssociate is E. fastigata H. Deane & Maiden (cut-tail); 
lowever, associations with £. delegates* R. T. Baker (al- 
:>ine ash), E. regnans F. Muell. (mountain ash), t. 
Aminalis Labill. (manna gum) and E. obliqua L’Herit. 
messmate stringybark) also occur (Ashton 1969, Forbes 
n al 1982). The stands are commonly associated with tall 
jnderstorey species, such as Alherosperma moschatum 
Labill. (southern sassafras), Acacia Jrigescens J. H. Willis 
mountain wattle), Elaeocarpus Iwlopetalus F. Muell. 
black oliveberry), Notelaea ligustrina Vent, (privet mock- 
alive), Telopea oreades F.Muell. (Gippsland waratah) and 
Podocarpus lawrencei Hook. 1. (mountain plum pine), 
which occasionally occur (without shining gum) as mon¬ 
lane closed forest (alternatively termed cool temperate 
rainforest) in protected gullies (Forbes et al. 1982). P. 
lawrencei occurs in tree form 10-12 m high, on the Goon- 
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I ig. 1 Location of ihe Errinundra Plateau in eastern Victoria, and other sites referred to in the paper. 


mirk Range, in comparison with its usual occurrence in 
sub-alpine areas as a prostrate shrub (LCC 1974). Curi¬ 
ously, Nothofagus cunninghcnnii {Hook.) Oerst. (myrtle 
beech), a common associate of Atherospenna moscha- 
tum in Tasmania and Victoria’s Central Highlands, is ab¬ 
sent from East Gippsland (Ashton 1969, Howard & 
Ashton 1973). 

METHODS 

The techniques used to collect and analyse the climatic 
data are described in the following section. Rainfall, air 
temperature and frost data from stations used for com¬ 
parison with the Plateau were either provided by the In¬ 
formation Service of the Bureau of Meteorology, 
Melbourne, or obtained from published data, as 
referenced. 

Rainfall 

In January 1971 a standard rain-gauge was set up in 
a clearing at the south-eastern tip of the Errinundra 
Plateau (37° 2 V S, 148° 51' E) (Fig. 2), 1050 m above sea 
level (number 084132 of the Commonwealth Bureau of 
Meteorology). The gauge, 500 mm in capacity and with 
a collecting surface diameter of 203 mm, was positioned 
on land gently sloping towards the north-west, at a dis¬ 
tance of at least twice tree height from the nearest trees. 
Whenever possible, rain was measured directly after rain¬ 


fall or at least weekly by one of the authors (FM). In some 
instances, rain falling late in the month was not measured 
until early in the following month, though, where possi¬ 
ble, this rainfall was allocated to the month in which it 
fell. Snow and hail melt was included as rainfall. 

Drought 

There are several methods available by which drought 
can be measured. The period of record was too short to I 
define drought based on decile values (Gibbs & Maher 

1967) , lack of evaporation data prevented the use of ef¬ 
fective rainfall as a drought index (Linforth 1969), and 
the recording systems used did not allow the calculation 
of the Byram-Keetch Drought index (Keetch & Byram 

1968) . However, the data did allow the use of Foley’s 
method of estimating drought periods (Foley 1957). In 
this method, each month’s rainfall is converted to a value 
(in ‘units’) by subtracting the mean rainfall from the ac¬ 
tual rainfall and dividing by one thousandth of the mean 
annual rainfall (1.78 in this study). 

For periods of at least four consecutive months whose 
values (in ‘units’) were negative (deficient), mean monthly 
deficiency values were calculated and compared with 
Foley’s scale of values (p. 18) for the Gippsland region, 
which allows estimation of droughts of high, moderate, 
or low intensity. For dry periods of 7-9 months, the in¬ 
clusion of one positive monthly value was allowed 
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amongst the otherwise negative values, and for periods 
of > 10 months, up to two such values. The longer the 
period for any given mean monthly deficiency, the more 
intense the drought. 

Temperature 

Between February 1971 and January 1982 (with the 
exception of a 6-month period in 1977 and a 4-month 
period in 1978, air temperature was firstly measured by 
a Casella and then by a Lambrecht 7-10 day recording ther- 
mohygrograph in a Stevenson screen (1 m above ground 
level) adjacent to the rain gauge. The daily maximum and 
minimum temperatures were read from the charts, and 
means were calculated. 

Frost 

Daily minimum temperatures were used to calculate 
data on frost occurrence. A light frost is defined as a screen 
temperature of 0.1° to 2.2°C, and a severe frost as equal 
to or less than 0.0°C (Foley 1945). Because the tempera¬ 
ture record for some months was incomplete, an expected 
number of frost days in a month was calculated as fol¬ 
lows: the actual number of frost days was divided by the 
number of days with a recorded minimum and multiplied 
by the full number of days in that month. The first and 
last recorded frosts for each year were collated and the 
median, and the mean deviation from the median, calcu¬ 
lated. The number of calendar days between last and first 
recorded frosts of a season was used as the frost-free 
period for each summer, although this may have overes¬ 
timated the frost-free period because of some incomplete 
recording during the periods. 

RESULTS AND DISCUSSION 
Rainfall 

The mean annual rainfall recorded by the gauge on 
the Errinundra Plateau for the eleven years 1971-1981 was 
1779 mm (Table 1). 

Orbost is the nearest station (Fig. 1) with long-term 
rainfall records inclusive of the 1971-1981 period. The 
mean annual rainfall recorded at Orbost over this period 
was 852 mm, compared with a 97-year mean of 845 mm. 
There was a good correlation between annual rainfall on 
the Plateau and that recorded in Orbost (r 2 =0.70). Us¬ 
ing this correlation to estimate the 97-year mean for the 
Plateau gave an expected annual rainfall of 1770 mm, with 
a range between 1600 and 1940 mm (P<0.05). On iso- 
hyet maps, the mean annual rainfall of the Plateau has 
previously been significantly under-estimated as 1000-1100 
mm (Linforth 1976) and 1400-1600 mm (LCC 1974, 
Adomeit et al. 1984). These general estimates, based on 
extrapolation, were probably low due to the scarcity of 
surrounding recording stations and possibly to unrecog¬ 
nised orogenic effects. The escarpments of the Plateau 
would cause significant rising of winds from the west and 
south-east, which would result in much increased precipi¬ 
tation compared with nearby places, such as Bendoc and 
Murrungowar. The Errinundra Plateau is considerably 
wetter than the next wettest rainfall recording station in 
East Gippsland, Murrungowar (Fig. 1), which has a mean 


annual rainfall of 1019 mm. There are only six stations 
in Victoria recording a higher annual average rainfall than 
1770 mm, three of these being in the Otway Ranges (e.g. 
Weeaproinah —1934 mm), Mt Buffalo Chalet (1928 mm) 
Falls Creek (2652 mm) and Bogong (1834 mm) (see Pig 
1). However the Plateau is wetter than several other mon 
tane recording stations, such as Rubicon (1618 mm), Aber 
feldy (1091 mm) and Bendoc (992 mm) (Bureau of 
Meteorology 1977). 

The mean monthly rainfalls show a fairly even distri¬ 
bution of rainfall throughout the year (Fig. 3). This even, 
seasonal distribution is a feature of the rainfall pattern 
in other parts of East Gippsland (Linforth 1976). Fig. 4 
compares the seasonal rainfall at Errinundra Plateau with 
that at two rainfall stations of similar elevation in the Vic¬ 
torian Central Highlands —Rubicon and Aberfeldy. Ru¬ 
bicon shows a distinct winter maximum whereas the 
Plateau and Aberfeldy show only slight winter maxima 
and a higher proportion of summer rainfall. 

Severe hail storms have been experienced on the Er¬ 
rinundra Plateau in all seasons. Snow falls every winter 
but usually does not lie on the ground for more than a 
few weeks, though during winter 1974 snow lay continu¬ 
ously for three months over most of the Plateau. As the 
Plateau is often shrouded in fog, fog-drip from vegeta¬ 
tion would contribute to the precipitation received, 
although it was not measured in this study. 

Table 1 

Annual Rainfall on the Errinundra Plateau, East Gipps¬ 
land, 1971-81. 


Year 

Rainfall (mm) 

1971 

2010 

1972 

1187 

1973 

1672 

1974 

2720 

1975 

1873 

1976 

1963 

1977 

1690 

1978 

2366 

1979 

1191 

1980 

1345 

1981 

1547 

Mean 

1779 

Median 

1690 


Drought 

Drought periods, as estimated by the Foley (1957) 
method (Table 2), were surprisingly, somewhat frequent 
on the Errinundra Plateau (6 in 11 years), given the high 
mean annual rainfall. However, there was only one period 
(March 1972—July 1973) which was classed as of high in¬ 
tensity. During this 17-month period, there were up to 39 
consecutive days without rain and, although the rainfall 
totalled 1520 mm, wilting of understorey species was ob¬ 
served towards the latter part of the period. Together with 
the 1971 dry period, this drought (which also occurred 
throughout the rest of East Gippsland) was probably a 
significant factor in the unsatisfactory eucalypt regener¬ 
ation results in the high elevation forests of East Gipps- 
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Month of the year 

Fig. 3— Mean monthly rainfalls recorded on the Errinundra Plateau, showing confidence limits of the mean 
(P<0.05) (I), the highest and the lowest rainfalls ever recorded for each month (•), and the me¬ 
dian values (O), for the period 1971-1981. 


land in the early 1970’s (P. C. Fagg, unpubl.). The 
significance of the later (low to moderate) droughts is 
difficult to judge, although it is likely that a general reduc¬ 
tion in vegetation growth would have occurred, particu¬ 
larly when the dry periods extended into the main growing 
period (October—April). 

Foley’s (1957) three scales for Victoria show that the 
wetter the region the smaller the number of units that cor¬ 
respond to a drought of given intensity and duration. 
Thus, Foley’s intensity scale for Gippsland (Foley, op. cit. 
p. 18) is probably conservative in relation to the Errinun¬ 
dra Plateau, as it was based on rainfall data from drier 
localities (Warragul, Rosedale, Sale, Maffra, and 
Bairnsdale). 

Temperature 

Temperatures for the Errinundra Plateau are compared 
with those for Bendoc, Aberfeldy and Rubicon (Bureau 
of Meteorology 1975) in Table 3. Although the Bendoc 


records are limited, the Errinundra Plateau appears to have 
a more equable climate than Bendoc, 21 km to the north 
(Fig. 2), i.e. mean daily maxima are lower and mean daily 
minima are higher on the Plateau. The lower maxima are 
probably due to the greater elevation of the Plateau, 
whereas the minima could be higher because the Plateau 
is less affected by cold air drainage at night than Bendoc, 
which is located in a river valley. The lowest temperature 
recorded was -7.8°C, which occurred during a period 
of 34 consecutive nights of < 2.2°C during July and Au¬ 
gust 1971. The lowest maximum, minus 1.0°C, was 
recorded on 5 August 1974. 

The temperatures recorded on the Errinundra Plateau 
are very similar to those recorded at Aberfeldy; both sites 
have similar elevation, which is probably the most impor¬ 
tant factor in determining daily temperatures. Rubicon, 
in the Central Highlands, is at a lower elevation than the 
Plateau and is much warmer throughout the year. 
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Fig. 4-Mean proportions of annual rainfall received each season at Errinundra Plateau (East Gippsland), 
and Aberfeldy and Rubicon (Central Highlands), for the periods of record (Table 4). 


Frost 

The results from the frost occurrence data are com¬ 
pared with those for Omeo, Aberfeldy and Rubicon, in 
/able 4. There was a mean of at least 14 frosts per month 
! n the period May—September, and frosts were recorded 
,n all months of the year. The Errinundra Plateau ex¬ 
periences more frosts (a mean of 137 per year) than Omeo, 
Aberfeldy and Rubicon, although Omeo experiences 
slightly more severe frosts (72) than the Plateau (68). The 
Plateau tends to have more spring frosts (35) than the 
other three stations, whereas Omeo has the most autumn 
Irosts (29). Aberfeldy has a longer light frost (< 2.2°C) 
season with a short mean frost-free period (27 days), but 
a shorter severe frost (< 0.0°C) season than the Errinun¬ 
dra Plateau. Both Aberfeldy and the Plateau show a large 
mean deviation in the timing of the first light frost for 


the year, and the Plateau also has an extremely varu 
first severe frost, viz. the median date of occurrena 
the first severe frost for the year is 16 April, although 
mean deviation from this date is 44 days. 

An extremely cold spell occurred at the Errinun 
Plateau during 1971, with 41 consecutive frosts dui 
June and July and a further 34 consecutive frosts dur 
July and August. In 1975, a temporary weather stat 
was established at the northern end of the Plateau at L 
Gully, elevation 1080 m (Fig. 2), and records were K 
until 1978. During that period a mean of 146 frosts 
year was measured (Fagg, unpubl.). During the sa 
period at the Errinundra Plateau station, 113 frosts 
year were expected to have occurred. This difference n 
reflect the fact that the Lock Gully station was in an 
posed location, compared with the Plateau station wh 


Table 2 

Duration and Intensity of Drought Periods Recorded on the Errinundra Plateau, 

East Gippsland, 1971-81. 


Period 

(inclusive) 

Duration 

(months) 

Mean Monthly Rainfall 
Deficiencies (units*) 

Drought 

Intensity! 

March-October 1971 

8 

22.4 

low 

March 1972-July 1973 

17 

34.4 

high 

April-July 1976 

4 

43.6 

moderate 

August-November 1978 

4 

35.2 

low 

June 1979-April 1980 

11 

29.8 

moderate 

August 1980-July 1981 

12 

25.6 

moderate 


* calculation of units is described on p.90 
t from Foley (1957) 
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Table 3 

Monthly Means of Daily Maximum and Minimum Temperatures, and Extreme Temperatures (°C) for the 
Errinundra Plateau and Bendoc, East Gippsland, and Aberfeldy and Rubicon, Central Highlands, 

Victoria. 


Station 


(period of record) Temperature 
(elevation) parameter 

Jan. 

Feb. 

Mar. 

Apr. 

May 

June 

Errinundra 

Plateau 

Highest 

35.8 

33.2 

29.4 

23.2 

18.9 

17.8 

(1971-1981) 

Mean maximum 

20.3 

20.5 

16.7 

13.0 

10.3 

6.8 

(1050 m) 

Mean minimum 

9.1 

9.4 

7.7 

5.3 

3.1 

1.1 

Lowest 

-0.2 

-2.2 

-2.8 

-3.2 

-3.9 

-5.6 

Bendoc 

Highest 

33.2 

33.5 

33.3 

26.1 

24.5 

19.4 

(1965-1967) 

Mean maximum 

22.6 

24.2 

21.5 

17.0 

13.7 

10.8 

(914 m) 

Mean minimum 

7.3 

8.4 

5.3 

2.6 

0.0 

-1.5 

Lowest 

-4.4 

1.7 

-1.1 

-6.9 

-8.3 

-8.9 

Aberfeldy 

Highest 

32.0 

28.9 

26.5 

21.7 

18.3 

15.0 

(1969-1974) 

Mean maximum 

20.2 

20.5 

16.9 

14.0 

9.8 

6.7 

(1067 m) 

Mean minimum 

9.0 

10.4 

7.4 

6.2 

3.3 

1.0 

Lowest 

0.6 

2.8 

0.0 

-1.1 

-1.7 

-5.6 

Rubicon 

Highest 

37.5 

36.7 

32.9 

25.7 

20.5 

16.8 

(1957-1983) 

Mean maximum 

23.9 

23.1 

20.4 

15.5 

10.6 

8.4 

(838 m) 

Mean minimum 

12.3 

12.1 

10.6 

8.0 

5.1 

3.5 

Lowest 

2.4 

2.8 

0.1 

0.0 

-2.0 

-2.6 


July Aug. Sept. Oct. Nov. Dec. 


14.0 

16.1 

27.8 

6.4 

6.4 

10.6 

0.5 

0.3 

2.4 

-6.7 

-7.8 

-5.6 

15.0 

18.4 

26.4 

9.1 

10.4 

13.9 

-2.4 

-1.0 

0.9 

-9.7 

-6.4 

-6.7 

12.0 

15.6 

19.5 

6.0 

6.2 

9.5 

0.4 

0.3 

1.8 

-5.6 

-7.0 

-5.0 

16.7 

18.5 

23.9 

7.0 

8.4 

11.0 

2.3 

2.9 

4.0 

-2.8 

-5.6 

-2.9 


26.1 

31.3 

32.2 

12.8 

14.8 

18.6 

3.8 

5.1 

7.4 

-5.0 

-4.2 

-4.4 

25.2 

26.7 

29.8 

17.2 

19.2 

23.3 

3.8 

3.5 

7.8 

-6.4 

-5.0 

-1.7 

21.1 

23.9 

30.0 

12.7 

14.8 

18.5 

3.7 

5.2 

7.8 

-3.9 

-1.1 

0.0 

26.3 

32.9 

32.9 

14.6 

17.8 

20.7 

6.2 

8.2 

10.2 

-1.7 

-0.4 

1.0 


is less exposed. However, it is often difficult to account 
for differences in frost frequency. An exposed location 
may be subject to more wind and have fewer frosts, 
whereas a sheltered location may have more still air and 
thus more frosts (D. J. Linforth, pers. comm.). Neverthe¬ 
less, this comparison serves to indicate some of the varia¬ 
bility in measured frost frequency that occurs at different 
sites on the Plateau. 

Influence of Rainfall on an Outbreak of Au- 
lographina eucalypti. 

Following a severe defoliation of mature E. nitens on 
the Plateau during the period October—December 1974, 
for which the principal causal agent was Aulographina 
(Thyrinula) eucalypti (Cooke & Mass.) von Arx & Muller 
(corky leaf-spot) (Neumann & Marks 1976), the records 
of the Errinundra Plateau station were used to investigate 
the weather conditions preceding the defoliation. 
Although the monthly temperatures in this period did not 
differ greatly from the mean monthly temperatures, there 
were seven months of high rainfall preceding and includ¬ 
ing the month (October) when the defoliation was first 
observed. A total of 2097 mm of rain fell between 1 April 
and 31 October 1974, which is 189% of the mean rainfall 
for those months and is the highest total rainfall for these 
months in the period of record. There is a possibility that 
these extremely wet conditions played some part in the 
epidemiology of this outbreak of A. eucalypti on the 
Plateau. This suggestion is supported by the recent evi¬ 
dence that ascospore release from leaf lesions caused by 
A. eucalypti occurs most readily under conditions of high 
irradiation and abundant moisture, such as provided by 
daytime rains (Wall & Keane 1984). 


Influence of Frost, Rainfall, and Temperature on the 
Vegetation of the Errinundra Plateau. 

The fact that Eucalyptus nitens is one of the most 
frost-hardy of the eucalypts (Turnbull & Pryor 1978), may, 
at least partly, account for its excellent development in 
the forests on the Plateau where lrost frequencies are rela¬ 
tively high (Table 4). The other occurrences of E. nitens 
in Victoria are in discontinuous stands further west (Cen¬ 
tral Highlands) (Pederick 1976). In a trial testing early 
height growth and frost hardiness of 49 provenances of 
E. regnans, the provenance from the Errinundra Plateau 
was the most frost-tolerant (Gritfin et al. 1982). This fur¬ 
ther indicates adaptation (or tolerance) within the eucalypt 
species on the Plateau to high frost frequencies. 

The generally reliable annual rainfall distributed evenly 
throughout the year would indicate that wildfires may be 
less frequent on the Plateau than in mountainous regions 
that experience relatively dry summers, e.g. the Rubicon 
area. In fact, the most recent wildfire that affected parts 
of the Errinundra Plateau was as long ago as January 
1939. Preliminary ring-counting studies at four sites on 
the Plateau (Piercy & Woodgate, pers. comm. 1984) have 
indicated that approximately seven wildfires have occurred 
in the past 252 years at intervals ranging from 8 to 79 years, 
although the interval between fires at any one site may 
have been much longer than 79 years. This is a signifi¬ 
cantly lower frequency than that found in most other 
forest areas in south-eastern Australia (averaging one year 
in 7-10 years) (Luke & McArthur 1978). 

The absence of Nothofagus cunninghamii on the 
Plateau, despite the fact that many species, e.g. 
Atherospenna moschatum, which are closely associated 
with it in other parts of its range are present, does not 
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Table 4 

Frost Occurrence on the Errinundra Plateau and at Other High Elevation Sites in Victoria. 


Parameter 

Errinundra 

Plateau 

Omeo* 


Aberfeldy 

,* 

Rubicon 


Elevation (m) 

Period of record 

1050 

1971-1982 


650 

1927-1975 


1067 

1969-1974 


838 

1957-1978 


First light frost 
(<2.2°C) 

Median date 

Earliest date 

13 Mar. (36)f 

1 Jan. 

16 Feb. 

2 Jan. 

(26) 

11 Jan. 

2 Jan. 

(40) 

27 Apr. 

14 Mar. 

(18) 

First severe frost 
(<0.0°C) 

Median date 

Earliest date 

16 Apr. 

20 Jan. 

(44) 

6 Apr. 

16 Jan. 

(16) 

28 Apr. 

30 Mar. 

(15) 

6 June 

30 Apr. 

(18) 

Last severe frost 
(<0.0°C) 

Median date 

Earliest date 

27 Oct. 

16 Dec. 

(19) 

14 Nov. 

26 Dec. 

(25) 

27 Oct. 

26 Nov. 

(12) 

19 Sept. 

11 Nov. 

(14) 

Last Light Frcrst 
(<2.2°C) 

Median date 

Earliest date 

Mean frost-free period (days) 

14 Dec. 

31 Dec. 

89 

(14) 

10 Dec. 

31 Dec. 

68 

(31) 

15 Dec. 

26 Dec. 

27 

(14) 

13 Nov. 

20 Dec. 

197 

(14) 

Mean frost frequency 

January 

<2.2°C <0.0° 

C <2.2°C <0.0° 

C <2.2°C <0.0°C 

<2.2°C <0.0°C 

1.1 

0.2 

0.8 

0.1 

0.6 

0.0 

0.0 

0.0 

February 

0.6 

0.2 

0.7 

0.1 

0.0 

0.0 

0.0 

0.0 

March 

2.9 

0.8 

2.8 

0.6 

1.4 

0.2 

0.0 

0.0 

April 

8.1 

2.6 

9.5 

4.4 

2.8 

0.8 

1.0 

0.0 

May 

14.4 

6.2 

16.8 

10.4 

7.8 

3.2 

4.0 

1.0 

June 

22.1 

12.4 

19.4 

13.5 

20.0 

11.2 

9.0 

2.0 

July 

23.9 

15.1 

23.0 

16.2 

22.6 

14.8 

16.0 

4.0 

August 

26.3 

14.8 

21.6 

13.7 

19.0 

12.0 

13.0 

3.0 

September 

16.7 

7.4 

13.7 

8.3 

13.6 

7.0 

8.0 

3.0 

October 

11.3 

5.6 

7.6 

3.1 

11.0 

4.0 

4.0 

0.0 

November 

7.1 

2.9 

4.1 

1.4 

3.4 

1.0 

2.0 

0.0 

December 

2.7 

0.2 

1.8 

0.4 

1.0 

0.0 

0.0 

0.0 

Total 

137.2 

68.4 

121.8 

72.2 

103.2 

54.2 

57.0 

13.0 


* Bureau of Meteorology (1976) 
t Mean deviation around median date (days) 


appear to be caused by unsuitable climatic conditions. For 
10 of the 12 climate parameters listed by Busby (1986) as 
a climate profile” for N. cunninghamii , the Errinundra 
Plateau fits comfortably within the stated ranges. It is 
likely that Busby’s (1986) conclusion, that montane East 
Gippsland was “at best, marginal for N. cunninghamii, 
with very low winter minimum temperatures, low winter 
precipitation, and most seasonal temperature ranges 
higher than otherwise experienced by N. cunninghamii” 
was based on data from nearby stations such as Bendoc 
that have a colder (Table 3) and drier climate that the Er¬ 
rinundra Plateau. 

Howard and Ashton (1973) concluded that the absence 
of N. cunninghamii on the Plateau could be due to its 
relatively poor powers of seed dispersal. The fire frequency 
and soil types on the Plateau are not likely to be limiting 
factors (Howard & Ashton, 1973). We suggest that it is 
possible that Elaeocarpus holopetalus is occupying the 


ecological niche of N. cunninghamii, as both species ar( 
of similar form and size, and grow in sheltered, damp sites, 

The two vegetation types that are most common or 
the Errinundra Plateau, cool temperate rainforest and tal 
wet sclerophyll forest (Forbes et al. 1982), appear to flour¬ 
ish with the combination of high regular rainfall, suita¬ 
ble temperatures, and fertile soils. Their excellent 
development is clear evidence of a very favourable climate 
for these vegetation communities. 

CONCLUSIONS 

The climate of the Errinundra Plateau has at leas 
three features that make it quite different from most othei 
areas of similar elevation in Victoria, viz, (i) mean an 
nual rainfall is higher; (ii) rainfall is more evenly dis 
tributed throughout the year; and, (iii) frost frequency i< 
higher. Some other stations have one or two of these fea- 
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tures, yet no others, to our knowledge, have all of these 
features. In addition, there could be other features, not 
measured in this study, such as fog and snow frequen¬ 
cies, that further emphasise the uniqueness of the climate 
on the Plateau. Despite the high mean annual rainfall, 
drought periods occur from time to time, though severe 
droughts are rare. 

The abnormally high rainfall on the Errinundra 
Plateau in the period leading up to October 1974 proba¬ 
bly promoted the 1974 outbreak of corky leaf-spot dis¬ 
ease on E. nitens . 

The high frost frequency on the Plateau is probably 
at least partly responsible for the frost-hardiness of the 
Errinundra provenance of E. regnans and for the exten¬ 
sive occurrence of E. nitens. The absence of N. cunning - 
hamii does not appear to be due to unsuitable climatic 
factors. The excellent development of cool temperate rain¬ 
forest and wet sclerophyll forest on the Plateau is evidence 
of a very favourable climate for these communities. 
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ECOLOGY OF DISCARIA (RHAMNACEAE) IN VICTORIA 


By Kerry F. M. Hall and R. F. Parsons 


Botany Department, La Trobe University, Bundoora, Victoria 3083 


Abstract: The general ecology of the two Victorian species of Discaria is described especially that 
related to regeneration and conservation. D. pubescens, known from lowland basalt plains (Ballarat- 
Redesdale area) and from the Eastern Highlands, has been reduced to 24 stands, many of which aresmaU 
and on private property. Fewer than one thousand plants are known from public land Only 31 plants 
of D. nitida are known, all from the Eastern Highlands (Cobungra-Anglcrs Rest area). 

Both species are shrubs, usually multi-stemmed, less than 3 m high. D, pubescens has a wcll-deve ope 
rootstock carrying stems which can be either cane-like or large and woody. D. nilida is totally deciduous 

in winter and D. pubescens nearly so. _. 

In both, germination of fresh seed is increased greatly by nicking and even more ^ by coM-moist 
stratification for 30 days or more. High-altitude provenances responded more to long (60 and 90 day) 
stratification times than lowland ones. Some form of seed coat dormancy is inferred. 

A/nus-tyve root nodules were common on D. nitida in the field but not on D. pubescens. Seedling 
inoculation trials produced some nodulation in both species, especially in low-nutrient treatments. 

In burnt stands of D. pubescens , nearly all plants resprouted from rootstocks. Browsing of young 
shoots by cattle, sheep and rabbits or hares was recorded. Seedlings have not been seen in the tic . 
is suggested that seedling regeneration is hindered both by browsing and by suppression, es Pec‘a y y 
dense herbaceous swards following reduced fire frequencies. Active management, like fencing and reduc¬ 
ing plant competition by slashing or burning, is urgently needed to encourage seedling regenerate . 


The two Australian species of Discaria are regarded 
as rare Australia-wide (Briggs & Leigh 1987). Even though 
management will be needed to ensure that a representa¬ 
tive series of their populations survive, almost nothing 
relevant is known of their ecology. This paper describes 
a brief project designed to provide an introduction to the 
ecology of both species in Victoria. The work was car¬ 
ried out from February to December, 1986. Species 
nomenclature follows Forbes et al. (1984). 

The temperate Gondwanan genus Discaria (Rham- 
naceae) is made up of five South American species, two 
from Australia and one from New Zealand (Tortosa 
1983). All species are shrubs to small trees, usually with 
spines present and with dry, capsular fruits dehiscing ex¬ 
plosively. Of the Australian species, D. pubescens 
(Brongn.) Druce is in that section of the genus charac¬ 
terized by corolla presence, while D. nitida R. Tortosa 
is in that with corolla absent (Tortosa 1983). 


DISTRIBUTION AND HABITAT 
Discaria pubescens 

This species has not been recorded from Queensland 
since 1898 (Willis 1955) but still occurs in New South 
Wales, Victoria and Tasmania. 

In Victoria west of Melbourne, of 12 recorded popu¬ 
lations (Fig. 1), 8 are extant. However, these together con¬ 
tain only 52 plants of which only 12 are on public land 
(Lunt 1987). The altitude of these stands ranges from 220 
to 460 m, mean annual rainfall from 520 to 740 mm and 
mean annual frost frequency from 10 to 35 days (Foley 
19 45 ). 

Of the 16 extant sites east of Melbourne (Scarlett 1986; 
Fig. 1), we examined five and recorded 370 plants, 200 


of which are on public land (Table 1). The altitude of 
the stands examined ranges from 700 to 1160 m and mean 
annual rainfall from 670 to 740 mm. The upper altitudi¬ 
nal limit known is 1400 m at Flour Bag Plain NW of 
Cobungra where a single plant was found (N. Scarlett, 
personal communication). Mean annual frost frequency 
would be at least 73 days (the value for Omeo) and nor¬ 
mally higher (Foley 1945). 

Of the other 11 eastern stands, there is a significant 
public land stand of about 100 plants reserved at Benam- 
bra Creek Cascades, but the remaining 10 stands are 
mostly very small ones and add only a further 55 plants 
on public land (Scarlett 1986), except for that adjoining 
the Cobungra private property site (Table 1) where the 
number of plants might run into hundreds (Scarlett 1986). 
However, these plants are unprotected by fencing against 
stock from the adjacent private land. 

In the west, all records are from stream and river val¬ 
leys (Lunt 1987). While some plants can be close to river 
banks where soils are often inundated, many are in up¬ 
per parts of valleys well clear of Hooding so the basis for 
restriction to valleys is not clear. While most eastern 
stands are also in such valleys, near Lake Omeo there are 
non-valley plants up to 1.5 km from the lake edge and 
between Omeo and Cobungra, scattered plants can be 
found on ridge crests and in other non-river-valley sites. 

D. pubescens usually occurs in grassy open woodlands 
and forests some of which have suffered partial or com¬ 
plete tree removal (Table 1). In the w r est, associated euca- 
lypts include Eucalyptus catnaldulensis , E. ovata and E. 
vitninalis and in the east E. pauciflora, E. rubida and E. 
stellulata (Table 1; Lunt 1987). 

Weeds are most serious in the west and include Ulex 
europaeus, Rubus fruticosus sp. agg., Genista monspes- 
sulana and Rosa rubiginosa. 
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Fig. 1 Past and present range of Discaria pubescens and D. nitida in Victoria. Partly after Scarlett (1986) 

and Lunt (1987). 


Discaria nitida 

When this species was described in 1977, it was known 
from two New South Wales locations and one Victorian 
one (Tortosa 1977; Table 1). Since then only one extra 
location has been found-a single plant on the Bundarra 
River, Victoria (Scarlett 1986), where further searching 
is desirable. 

In Victoria, only 31 plants are known, of which no 
more than 5 are from public land. Altitude and climate 
are as for the Cobungra D. pubescens site (Table 1). No 
plants were found more than 5 m from a watercourse; 
we feel that all would receive supplementary water either 
from flooding or high water tables, so the species appears 
to be strictly riparian. At least two of the five South 
American species of Discaria ‘show preference for ripar- 
ious habitats’ (Medan 1985) while the New Zealand spe¬ 
cies D. toumatou, like D. pubescens , is occasionally 
riparian (Daly 1969). 

MORPHOLOGY 
Discaria pubescens 

This species is a densely-branched, spiny shrub 0.5 to 
2 m high. In the west, plants can be multi-stemmed at 
ground level or can have a short main trunk. Old stems 
can be up to 15 cm in diameter (Figs 2&3). They carry 
younger, cane-like stems which are green except for their 
oldest parts and which often touch the ground, produc¬ 
ing a roughly spherical crown (Fig. 4). In the east, the 
plants are usually multi-stemmed and no taller than 60 
cm. We feel that the differences between east and west 


are at least partly due to differing stem age due to fire 
and browsing history. 

In mature plants, the well-developed tap root is sur¬ 
mounted by a subterranean, woody swelling carrying c 
number of horizontal, underground stems which do noi 
bear roots. These stems in turn carry vertical canes (Fig; 
5&6). As it is not known what tissue the swellings are der¬ 
ived from, they are referred to here as rootstocks. 



Fig. 2 —Base of large Discaria pubescens plant, Langley, Vie 
toria, showing single main trunk and young lateral branches (L) 
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Fig. 3 — Base of large, multi-stemmed Discaria pubescens plant, 
Langley, Victoria. Diameter of left hand stem is about 15 cm. 


— Discaria pubescens plant from Native Dog Flat show¬ 
ing multi-stemmed habit at ground level (G), rootstock (R), tap 
root (TF) and horizontal underground stems (HS). 

Discaria nit id a 

D. nitida is less-branched and with a more erect habit 
than D. pubescens. All plants seen were multi-stemmed, 
usually with 4-5 stems (Fig. 7). The stems arc not cane¬ 
like; they do not remain green after the first season’s 
growth. Before leaf-fall, the plants look noticeably leaf¬ 
ier than those of D. pubescens , having larger leaves and 
smaller spines. 

Very limited root excavation work suggests absence 
of tap roots or clear-cut rootstocks and no sign of the 
latter was seen on seedlings up to 5.5 months old. 
PHENOLOGY 
Discaria pubescens 

Flowering times are from November to February 
(Briggs & Leigh 1985; C. Beardsell, personal communica¬ 


Fig. 4 — Discaria pubescens plant 1.5 m high at Hazeldene, Vic¬ 
toria, showing spherical canopy and much-branched shoot 
system. 


tion); only a single plant (at Cobungra) was still in flower 
when work started in mid-February. At this time, fruit 
maturation was complete and dispersal nearly so at the 
lowest altitude sites but not at those above 800 m (Table 
2). The percentage of plants producing seed at the main 
sites varied from 11 to 60 (Table 2) but was 0 for the H 
Queens Falls plants. Flowers or fruits were never seen on 
the current season’s growth. 


Shoot elongation is not continuous; Lai Lai shoots 
tagged in mid-April had produced no growth by mid' 
September. Leaf yellowing and fall had begun in mid- 
April and continued until mid-July. However, plants in 


Fig. 6 — Discaria pubescens plant from Lake Omeo showing root- 
stock (R), tap root (TR), horizontal underground stems (HS) 
and five main vertical canes (VC). 
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Fig. 7 _Discaria nitida plant 2.6 m high in July 1986 after leaf- 
fall, Victoria River, Cobungra showing multi-stemmed habit and 
riparian habitat. 

the western sites did not become totally leafless, unlike 
those in the east. At Lai Lai, bud-burst was well under¬ 
way by early August. Spines form on the youngest stems 
and persist for some years. 

Discar ia nitida 

D. nitida flowers in November-December (C. Beard- 
sell, personal communication) and capsule maturation is 
later than for D. pubescens (Table 2). While all capsules 
were immature in mid-February, most had already de¬ 
hisced by mid-March 1986. 

Plants were in full leaf in March and completely leaf¬ 
less by early July. The species is thus one of the few 
(maybe the only) truly winter-deciduous member of the 
Victorian native flora. In the same way, D. toumatou is 
one of the few deciduous New Zealand species (Daly 
1969). 

PERENNATION 
Discaria pubescens 

Although clumped and patchy distribution of plants 
in the eastern sites often suggested vegetative reproduc¬ 
tion, excavation always indicated seedling origin. 

Regarding longevity, Willis’ (1955) photograph of 
‘three old yet vigorous’ plants which still exist at Creswick 
Creek must mean a lifespan much longer than 30 years. 
Because annual stem growth increments could be identi¬ 
fied on young stems by colour, diameter, branching se- 


Table 2 

Fruit and Seed Data for Discaria , 13-20 February 1986 
(Minimum sample size= 100 for fruits) 


Site 

% of fruits 
green and 
unripe 

% of fruits 
dehisced 

°7o of plants 
producing 
some seed in 
autumn 1986 

(a) Discaria pubescens 



Lai Lai 

0 

70 

30 

Creswick Creek 

0 

90 

60 

Lake Omeo 

0 

90 

11 

Cobungra 

70 

10 

26 

Wombargo 

70 

10-20 

42 

Native Dog 

90 

2 

28 

Flat 




Bendoc North 

0 

80 

20 * 

(b) Discaria nitida 




Cobungra 

100 

0 

55 


* Excluding the stand burnt in summer 1985-6. 


quence and grouping of leaf scars, it was possible to show 
that stem growth rings are annual, at least in young stems, 
and to use them to determine stem age. The only large 
woody stem sectioned had 25 rings, while canes had from 
1 to 6 rings. Similarly, D. toumatou in New Zealand may 
have tap roots 30 to 50 years old and stems 10 to 20 years 
old (Daly 1969) with some stems being over 100 years old 
(Daly 1967). 

Discaria nitida 

The few stems available for ring counting gave counts 
of 6 to 18 rings. Counts tended to be higher than for D. 
pubescens in keeping with the absence of cane-like stems. 
Much bigger stems were present than those counted. 

SEED CHARACTERISTICS 
Discaria pubescens 

Seeds are shiny, light brown to dark brown, with mean 
weight 9.8 mg (Lai Lai site). Most seed is dispersed by 
explosive dehiscence while the capsules are still on the 
plant. Dispersal distance from such dehiscence for cap¬ 
sules collected from Native Dog Flat in February 1986 
ranged from 33 to 178 cm, with a mean of 91 cm (methods 
of Medan 1985), compared with a maximum of 240 cm 
for South American species of Discaria (Medan 1985). 
This explosive mechanism was still efficient after seven 
months at 4°C once capsules reached room temperature. 
Similar mechanisms are known in other Rhamnaceae 
(Smith 1984). 

Discaria nitida 

The seeds are like D. pubescens in morphology and 
colour; mean seed weight (Cobungra) was 8.5 mg. Dis¬ 
persal by explosive dehiscence appeared very similar to 
D. pubescens but was not quantified. 
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Table 3 

Pre-treatments used in Germination Trials of Discaria 


Symbol 

Pre-treatment 

C 

Control 

N 

Testa nicked* on convex surface 

A 

Seeds soaked in 1M HC1 for 24 h 

30 

30 day stratification at 5°C 

60N 

60 day stratification at 5°C then nicked 
(as above) 

60 

60 day stratification at 5°C 

90 

90 day stratification at 5°C 


* Nicking was always deep enough to expose white embryonic 
tissue. 


GERMINATION 

Methods 

For both species, germination trials (Table 3) were set 
up less than two weeks after seed was collected from 
plants between mid-January and mid-March 1986. Seed 
surface sterilizing used treatments in the sequence: BP 
Comprox detergent (10 min); 70% alcohol (60 s); and, 
5% sodium hypochlorite (10 min), separated by water 
rinses. 

Cold-moist stratification in the dark was preceded by 
imbibition for 1 h. There were five replicates of 20 seeds 
per sterile petri dish on autoclaved Whatman grade 182 
paper, kept moist with distilled water in a Zankel growth 
cabinet providing photon irradiance of 53 jtmol m'V 
(PAR) (fluorescent tubes + incandescent bulbs) with 16 
h/20-25°C light cycle and 8 h/15°C dark cycle. Germi¬ 
nation was scored daily for 140 days. 

Limited data were obtained on viability of D. 
pubescens and D. nitida seed collected on 4 January 1985 
and 28 February 1980 respectively and stored at room 
temperature without humidity control. 

Results 

Discaria pubescens 

In all cases, acid treatment (Table 3) produced appre¬ 
ciably less germination than the controls; the data are not 
presented here. 

For all provenances, percentage germination of con¬ 
trol seeds was lower than nicked seeds. Stratified treat¬ 
ments always produced more germinations than 
non-stratified ones, sometimes over 90% (Fig. 8). 

For non-nicked, stratified treatments, increasing 
stratification time increased germination for eastern 
provenances (Cobungra, Wombargo) but had no signifi¬ 
cant effect on western provenances. The increased stratifi¬ 
cation requirement of the eastern provenances correlates 
with the higher altitudes and more severe winters there. 
Similarly, for the New Zealand D. toumatou , germina¬ 
tion can be increased from five per cent (unstratified) to 
80 per cent by stratifying for 16 weeks (Daly 1967). 

For seeds stratified 60 days, subsequent nicking al¬ 
ways resulted in lower germination than in non-nicked 


seeds (Fig. 8). Nicking may somehow enhance losses due 
to fungal invasion. Stratification and nicking (60N) al¬ 
ways produced more germination than nicking alone (N). 
Given that stratification can substitute for nicking in en¬ 
hancing germination, we assume its effect is on the seed 
coat. While stratification could act by softening the seed 
coat (Murphy & Stanley 1975), this does not easily ex¬ 
plain the lower germination in the nicked treatment thar 
in the stratified treatments. Possibly inhibitors are preseni 
in the seed coat (Bewley & Black 1982) which are more 
effectively decreased by leaching during stratification thar 
by nicking alone. Whatever the precise dormancy 
mechanism, it is clear that an appreciable number of fresh 
seeds have impermeable coats as is common in othei 
Rhamnaceae (Rolston 1978). 

Number of days to reach 50 per cent of the final ger¬ 
mination total ranges from 25 to 55 days for the nickec 
treatment but never exceeds 10 days in stratified treat¬ 
ments; germinability and germination rate were positivelj 
correlated. In stratified treatments, all germination hac 
ceased by 35 days. 

The seeds collected on 4 January 1985 gave 18% ger¬ 
mination in treatment 30, thus showing some seed lon¬ 
gevity of more than a year. 

Discaria nitida 

Response to treatment was similar to D. pubescens . 
with very low germination of controls, a strong response 
to nicking and a stronger response to stratification up tc 
at least 90 days (Fig. 8). 

Of the 200 seeds from 1980 tested, 2 per cent germi¬ 
nated, establishing seed longevity of at least six years but 
showing declining viability with time. 

SEEDLING MORPHOLOGY 
Discaria pubescens 

Germination is epigeal and cotyledons are orbicular 
shiny and thick. Seedling leaves arc serrate, oblong tc 
ovate and in opposite pairs. Spines are absent from the 
first three leaf pairs. They first appear at 7-9 weeks, art 
always axillary and sometimes bear a leaf pair near theii 
tip. Lateral branching is most common in the cotyledo¬ 
nary nodes and the lowest, spineless leaf nodes. A dis¬ 
tinct tap root is present. 

Discaria nitida 

Similar to D. pubescens except that the cotyledons arc 
ovate rather than orbicular, leaves are shinier, larger, less 
serrate and elliptic to obovatc, spines almost always carry 
a leaf pair near their tip and lateral branching is much 
less common. 

NODULATION 

As other members of the genus have nitrogen-fixing 
root nodules (Tortosa & Medan 1983, Daly 1969), these 
were searched for in the Australian species. 
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Fig. 8-Germination of two species of Discaria following six pre-treatments. See Table 3 for pre-treatment 

details. 


Field Occurrence 

Extensive excavation around five western Discaria 
pubescens plants and 20 eastern ones did not reveal any 
nodules on roots of adult plants. No seedlings could be 
found for examination. 

At the D. nitida site, all four plants examined showed 
profuse nodulation. Nodules (Fig. 9) were coralloid 
(Alnus-type) and of two forms; a dense, highly-bifurcate 
type known for other Discaria spp. (Medan & Tortosa 
1976, Tortosa & Medan 1983) and the more elongate, less 
branched type characteristic of Discaria grown in water 
culture (Medan & Tortosa 1976). 

In nodule sections, the endophyte was found in dis¬ 
tended cells in the middle of the cortex, suggesting a 
Frankia symbiont as for five other Discaria species 
(Medan and Tortosa 1976). 

Inoculation Trial 
Methods 

For both species the inoculum was soil from 0 to 30 
cm beneath an adult D. pubescens at Queens Falls. Ten 
per cent by volume of soil was added to a 1:1 mixture 
□f washed river sand and perlite in 5x5x 12 cm pots. 
Half the pots were autoclaved (the control treatment). 


‘No nutrient’ pots received 40 ml distilled water daily. In 
addition, ‘low nutrient’ pots received 40 ml of 0.05 g/1 
‘Aquasol’ weekly and ‘high nutrient’ pots 40 ml of 0.25 
g/I ‘Aquasol’ weekly for the first four weeks increased 
to 0.5 g/1 from then onwards. Growth cabinet conditions 
were as for the germination trials. 

Young seedlings from the germination trials were 
planted one per pot; there were 10 replicates x 2 spe¬ 
cies x 6 treatments. For the pots inoculated with soil, 
discovery of D. nitida nodules in the field allowed for 
a crushed (pestle and mortar) nodule suspension (4.2 
g/100 ml water) to be added (2 ml per pot) in week five. 
All plants were harvested and dry-weighted at 105°C af¬ 
ter 12 weeks. 

Results 

A single nodulated D. pubescens plant (confirmed by 
sectioning), from the inoculated low nutrient treatment, 
provided the first record of nodulation in this species. 
More nodulation may have occurred if it has been possi¬ 
ble to prolong the experiment. 

Only three D. nitida seedlings were nodulated (Fig. 
10), all from the inoculated no nutrient treatment, sug¬ 
gesting that nodulation can be correlated with nutrient 
stress as in other work (Medan & Tortosa 1976). 
























































































Fig. 9 —Coralloid nodules from adult Discaria nitida at Cobun- 
gra, x4. A. Dense, highly bifurcate type. B, C. Elongate, less- 
branched type. D. Nodule on large root. 


SEEDLING GROWTH RATE 

Dry weights from the inoculation trial do not suggest 
any marked differences in growth rate between the spe¬ 
cies. Both species showed highly significant responses to 
both nutrient addition treatments; maximum shoot yields 
for 12 week old seedlings of both were in the range 100- 
120 mg. Inoculated pots usually produced lower yields 
than control pots, presumably due to some effect of au¬ 
toclaving on nutrients or microbial ecology. Full data are 
held on permanent file at the Botany Department, La 
Trobc University (Hall 1986). 

Shoot height growth data from an earlier growth cabi¬ 
net trial used to document seedling morphology showed, 
for 16-week-old seedlings, significantly faster height 
growth for D. nitida (mean height 20 cm) than for D. 
pubescens (mean height for five provenances ranges from 
9 to 15 cm). The lack of such a difference in the shoot 
dry weights of the two species (above) may partly be at¬ 
tributed to greater lateral branching in D. pubescens. 
Also, growth rate differences between the two may be¬ 
come more prominent after 12 weeks, when the dry 
weights were taken. The faster height growth of seedlings 


Fig. 10 — Discaria nitida seedling 12 weeks old from Cobungra 
seed source showing nodule (N). Stunted growth of plant is due 
to no-nutrient treatment. 


of D. nitida correlates with the taller, less-branched habit 
of adult plants. 

RESPONSES TO FIRE AND BROWSING 
Discaria pubescens 

Part of the Bendoc North stand (Tabic 1) is subject 
to a deliberate, patchy, annual burn and was last burnt 
in November 1985. When seen in February 1986, root- 1 
stock resprouting after fire could be verified by occur¬ 
rence of new shoots appearing from the top of the 
rootstock among dead, charred canes. Flowers, fruits and 
seeds were totally absent. Possibly, very frequent burn¬ 
ing could hinder or prevent seed production and thus seed¬ 
ling recruitment and eventually eliminate the species. 

The plot at Lake Omeo Crown Land Reserve, fenced, 
from stock in 1982, was control burnt in May 1986. Be¬ 
fore burning, the 33 D. pubescens present had a mean 
height of 54 cm. When seen on 6 December 1986, these 
shoots had been killed by the fire, but 29 plants had 
resprouted from the rootstock and had reached a mean 
height of 21 cm (range 1 to 45 cm). There were up to 2 ? 
new shoots per plant. Flower buds and flowers were ab¬ 
sent, as was the case elsewhere on shoots less than a year 
old. Pre-fire, very few fruits were present on the few fer- 
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tile plants. Post-fire, no seedlings were seen but a dense 
herbaceous layer already made visibility poor. 

Like the New Zealand D. toumatou (Daly 1967), D. 
pubescens may resprout following all but the very hot¬ 
test fires. Burning itself may not constitute a serious 
threat, except for very frequent burning preventing seed 
production. It is not known whether fire in the autumn 
after seed shed could reduce or eliminate the dormancy 
imposed by the seed coat and thus assist regeneration. 

During the present work, direct evidence was seen of 
browsing of young shoots by cattle at Lai Lai Falls (where 
shoots protrude through the fence), by sheep at Lake 
Omeo and by rabbits or hares at Bendoc North. As early 
as 1855, J. D. Hooker stated that the species was ‘not 
common . . . much browsed on by cattle and sheep’ 
(quoted in Willis 1955). From general field evidence and 
restriction of plants to areas inaccessible to stock, it is 
thought that browsing by rabbits and stock has strongly 
contributed to the present rarity of the species (Willis 
1955, Briggs & Leigh 1985, Scarlett 1986). 

Sheep are said to browse more heavily on D. 
pubescens than do cattle (D. Spencer, Cobungra Station, 
personal communication). New shoot growth (and 
presumably seedlings) is particularly sought after; new 
shoots can be restricted to the interior of D. pubescens 
crowns where they are protected by old and/or dead, 
spiny shoots further out. It follows from the greater pay¬ 
ability of new shoots that destruction of old plant tops 
by fire and subsequent resprouting can make a whole 
population temporarily more susceptible to severe brows¬ 
ing damage. 

The New Zealand D. toumatou is similarly palatable 
to stock and rabbits, especially the young shoots (Daly 
1969). 

Discar ia nit id a 

This species is regarded as more subject to browsing 
damage by cattle than D. pubescens following observa¬ 
tions on severely-browsed specimens near Junction Plain, 
Victoria River, Cobungra area (Scarlett 1986). However, 
it is not known if its present rarity is due to browsing 
pressure. 

REGENERATION FROM SEED 
Discaria pubescens 

Seedlings of this species have never been seen in the 
wild (this study; personal communications from I. D. 
Lunt, N. H. Scarlett and J. H. Willis). From the present 
work, it is unlikely that this is due mainly to problems 
of seed production or germination. 

The seedlings are probably highly palatable to brows¬ 
ing mammals and this is likely to be part of the explana¬ 
tion in browsed areas. Also, field observations strongly 
suggest a relationship to density of associated vegetation. 
D. pubescens becomes rare then absent as tree density 
increases adjacent to open D. pubescens sites. It is rarely 
found directly under tree canopies and never under dense 
tall shrubs. 


The correlation of D. pubescens with rather open 
areas (Willis 1942, Scarlett 1986, this study) in grassland, 
grassy woodland and along river valleys is reminiscent 
of D. toumatou which occupies similar sites (Daly 1969) 
and can also be clearly serai along shingle river-beds 
(Calder 1961). The high light requirement presumed for 
D. toumatou seedlings (Calder 1961, Daly 1969) may also 
be true of D. pubescens. 

Young D. toumatou plants are readily suppressed by 
dense herbaceous swards (Daly 1969). The same may ap¬ 
ply to D. pubescens , which may explain the absence of 
seedlings in some unbrowsed sites (Lunt 1987). Especially 
in western sites, which are fragments surrounded by long- 
settled farmland, declining Fire frequencies may be a fac¬ 
tor allowing dense grassy swards (including those of 
Holcus and Phalaris) to develop and to prevent Discaria 
seedling recruitment. Further, the observation that the 
best D. pubescens stands in the Cobungra area are on 
land lightly grazed by cattle rather than on nearby long- 
unburnt, almost ungrazed areas (Scarlett 1986) may be 
related to a similar effect. 

Given that much of the biology of D. pubescens is 
so similar to that of D. toumatou , it is interesting that 
D. pubescens has declined in numbers and is now rare, 
while D. toumatou has increased so much that control 
measures are necessary. Seedlings of D. toumatou can 
be seen by the hundreds in spring (Daly 1967). The in¬ 
crease of D. toumatou is especially in areas where super¬ 
phosphate has been spread aerially (Wardle 1985); this 
practice does not occur in D. pubescens areas. Otherwise, 
the reasons for the differing behaviour are unclear. 

Discaria nit id a 

No seedlings or young plants were seen in the wild; 
again it is unlikely that this is due mainly to problems 
of seed production or germination. The conditions needed 
for seedling recruitment are unknown. 

CONSERVATION 

D. pubescens is rated as rare (3RCa) Australia-wide 
and is known from four biological reserves in New South 
Wales, one in Victoria and one in Tasmania (Briggs & 
Leigh 1987). Currently, D nitida is also listed as rare 
(3RC-, Briggs & Leigh 1987). However, as nothing re¬ 
cent is known about population size or threats in the only 
reserve (Kosciusko National Park) and as the species is 
clearly endangered in Victoria, it is probable that the 
Australia-wide rating should be changed to vulnerable. 
The Victorian situation is exacerbated by loss of large 
parts of the banks of the Victoria River by accelerated 
soil erosion (Scarlett 1986). 

In Victoria, for the western populations of D. 
pubescens , work is needed at the two public land sites 
(Lai Lai Falls and Turpins Falls) to ensure seedling recruit¬ 
ment. Removal of dense, grassy swards by slashing when 
Discaria seed is present is a suitable first step at both sites 
along with enclosure of the Turpins Falls plants by rabbit- 
proof fencing and enlargement of the minimal enclosure 
at Lai Lai. 
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The two most important western stands on private 
property are Queens Falls and Langley. These have the 
biggest western populations (Lunt 1987) and Langley has 
the largest plants and the biggest stem girths in Victoria. 
Conservation safeguards are urgently needed for both, 
given that the public land sites protect only 12 plants in all. 

For eastern populations, the main Victorian strong¬ 
hold for both species is the Victoria River-Spring Creek 
area on and adjoining Cobungra Station. While substan¬ 
tial numbers of D. pubescens occur on public land there, 
derelict fencing on the boundary with private property 
means that stock numbers on public land cannot be con¬ 
trolled. This, and the requirements for seedling establish¬ 
ment, need investigating. In the long term it may be 
necessary to securely fence the public land against stock 
and attempt to encourage seedling regeneration by burn¬ 
ing when D. pubescens seed is present. 

The stand of D. nitida is almost all on nearby private 
property which also carries plentiful D. pubescens ; con¬ 
servation safeguards are urgently needed for both. Such 
safeguards are also desirable for the other significant 
eastern stand of D. pubescens on private property, at Ben- 
doc North, as it is sizeable, in native vegetation in good 
condition, appreciably disjunct from other stands and 
represents the south-eastern limit of the species on the 
mainland. 
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AN ENIGMATIC ECHINOLAMPAS (ECHINOIDEA) FROM THE 

MIOCENE OF VICTORIA 

By K. J. McNamara 

Western Australian Museum, Francis St, Perth, W.A. 6000. 

Abstract: A specimen of the cassiduloid Echinolampas described in the late nineteenth century as 
E. ovulum Laube, 1869, but long thought lost, has been rediscovered. Comparison with the rccently- 
redescribcd E. ovulum and other species of Echinolampas from the Tertiary of southern Australia has 
revealed the specimen to be unique. For taxonomic stability it is placed in a new species, E. duncani. 


In 1869 Laube, in his pioneering paper on the Early 
Miocene echinoid fauna of the Murray River cliffs in 
South Australia, described a distinctive species of 
Echinolampas which had been collected from the cliffs, 
as E. ovulum. Over many years there was intermittent 
debate as to whether or not this taxon was distinct from 
E. gambierensis Tenison Woods, 1867, which also occurs 
in the Early Miocene (Longfordian) strata in the banks 
of the Murray River. Both Tate (1891) and Roman (1965) 
had regarded the two as synonymous. However, in a more 
recent study, McNamara and Philip (1980) demonstrated 
the validity of the two taxa. 

Following Laube’s original description, another speci¬ 
men which was purported to be E. ovulum was described 
by Duncan (1887, p. 420). Unfortunately, Duncan 
provided no details of the locality and horizon from which 
this specimen came. However, three years later, Gregory 
(1890) further described the specimen [British Museum 
(Natural History) El 107] as E. ovulum. He also figured 
it and provided information on some of the dimensions. 
Perhaps more importantly, Gregory provided locality de¬ 
tails for the specimen. These showed it to have come from 
Bairnsdale in Victoria, and not from the Murray River. 
Although there were no stratigraphic details on the origi¬ 
nal label, it is most probably from the Bairnsdale Lime¬ 
stone. This formation is younger than the Longfordian 
age of much of the Murray River strata, being Bairns- 
dalian (latest Middle Miocene). 

When attempts were made in 1978 to relocate Dun- 
:an and Gregory’s specimen, prior to the revision of the 
southern Australian Echinolampas , it could not be found 
(McNamara and Philip 1980, p. 6). However, during a 
recent examination of the echinoid collections in the Brit¬ 
ish Museum (Natural History) the specimen was relo¬ 
cated. Thus the suspicions of McNamara and Philip 
(1980), who provisionally called the specimen in its ab¬ 
sence, E. aff. ovulum , could be tested. This was consi¬ 
dered to be of particular importance because Laube’s 
original specimen of E. ovulum has long been lost and 
a neotype was proposed by McNamara and Philip (1980, 
p. 5). . ... 

In this paper the specimen is fully described and its 
taxonomic position clarified. In the description the ab¬ 
breviation %TL refers to percentage of the test length. 
Measurements were made with vernier callipers to an ac¬ 
curacy of 0.1 mm. 


SYSTEMATIC PALAEONTOLOGY 

Order Cassiduloida Claus 1880 
Family Echinolampadidae Gray 1851 
Genus Echinolampas Gray 1825 

Type Species: Echinus oviformis Gmelin 1789, by the 
subsequent designation of Pomel 1883, p. 62. 

Echinolampas duncani sp. nov. 

Fig. 1A-C 

1887 Echinolampas ovulum Laube; Duncan, p. 420. 
1890 Echinolampas ovulum Laube; Gregory, p. 483, 
pi. 13, figs 7-8. 

1980 Echinolampas aff. ovulum Laube; McNamara 
and Philip, pp. 5-6. 

Holotype: BM(NH) El 107, from Bairnsdale, Victoria; 
probably from the Middle Miocene (Bairnsdalian) Bairns¬ 
dale Limestone Member of the Gippsland Limestone. 
Diagnosis: Species of Echinolampas with broad petals, 
poriferous rows of which are only slightly unequal in 
length; apical system centrally positioned; peristome rela¬ 
tively shallow; bourellets not strongly developed. 
Description: Test 56.5 mm in length; aboral surface 
moderately domed (Fig. IB) with apex at mid test length, 
confluent with apical system; details of apical system not 
known. Test width 86.7<7oTL, widest posterior of centre; 

test height 57.7%TL. . . . 

Anterior and posterior petals of equal length, 40 /o l L, 

broad, maximum width at mid petal length, 16°/oTL, in- 
terporiferous region three times the width of the porifer¬ 
ous tracts; these are only slightly unequal in length and 
are slightly confluent distally; outer pores slightly larger 
than inner pores; not conjugate; maximum of 43 pore 
pairs in each row. 

Adoral surface gently convex adambitally, sloping 
gently abambitally to shallow peristome, which is pen¬ 
tagonal in shape and has only weakly-developed 
bourellets; width 10°/oTL. Periproct irregular in shape, 
but slightly wider than long, width being 15%TL. 

Discussion: While it might be argued that the descrip¬ 
tion of yet another species of Echinolampas to add to 
the existing total of almost 300 already described (Ro¬ 
man 1965), on the basis of a single, incompletely- 
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F ig * 1 " A \ C ; Echinolampas duncani sp. nov., from the late Middle Miocene (Bairnsdalian) Bairnsdale 
Limestone Member of the Gippsland Limestone, Bairnsdale, Victoria, BM(NH) El 107 holotype. A, aboral 
view. B, lateral view. C, adoral view. All x 1. 


preserved specimen is foolhardy, there are good counter 
arguments. Being firmly entrenched in the literature as 
E. ovulum , when it can be demonstrated that it does not 
belong in this species, necessitates the proposal of a new 
taxon to accommodate this form. Although part of the 
aboral surface is missing, much of the specimen is well 
preserved, particularly in those characters which are spe¬ 
cies diagnostic. 

Echinolampas duncani can be distinguished from E. 
ovulum (McNamara and Philip 1980, pi. 2, figs 4-8) in 
its higher, more domed aboral test surface; its less strongly 
distally-constricted petals; its relatively broader porifer¬ 
ous tracts; its non-conjugate pore pairs; its relatively nar¬ 
rower interporiferous zone; more centrally-positioned 
apical system; and less pulvinate adoral surface. 

The other Longfordian species, E. gambierensis , has 
a domed, high test, like E. duncani , but it differs in its 
narrower petals, more anteriorly-positioned apical sys¬ 
tem and more strongly-developed bourellets. 

Another species of Echinolampas has previously been 
described from the Bairnsdale Limestone: E. gregoryi 
gregoryi McNamara and Philip 1980. E. duncani is quite 
different from this species, differing in its much shorter, 
wider petals, smoother aboral surface; more pulvinate 


adoral surface; and shallower, less well-defined phyll° d es 
Of non-Australian species, E. duncani most coseb 
resembles E. kleini (Goldfuss 1826) from the late Oligo 
cene of Europe, particularly in the form of the petals 
E. duncani can be distinguished, however, by its relativ e lj 
narrower test; more pulvinate adoral surface and largei 
periproct. 
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PAST AND PRESENT DISTRIBUTIONS OF GOLDEN PERCH 
MACQUARIA AMBIGUA (PISCES: PERCICHTHYIDAE) IN VIC¬ 
TORIA, WITH REFERENCE TO RELEASES OF HATCHERY- 

PRODUCED FRY 

By Andrea R. Brumley 

Fisheries Division, Department of Conservation, Forests and Lands, Kaiela Research Station, P.O. Box 

1226, Shcpparton, Victoria 3630. 

Abstract: Golden perch (Macquaria ambigua ) is regarded as vulnerable in Victoria. Details of past 
and present (post-1975) distributions are presented. Data were derived from records of the Fisheries Divi¬ 
sion, Fisheries and Wildlife Officers, members of angling clubs and from surveys undertaken between 
1982 and 1984. It appears that the range of golden perch has declined probably due to prevention of up¬ 
stream migration of juveniles and adults by high-level weirs. Some populations persist below the weirs 
in lower sections of tributaries to the Murray River but these populations may be under threat from habitat 
alteration. The range of golden perch in Victoria has been extended by releases of hatchery-produced fry 
both by angling clubs and, since 1982, by Fisheries Division. Generally, fry have been stocked in rivers 
within the previous natural range of golden perch, such as above weirs built this century, but they have 
also been released in river basins outside their natural range in western Victoria. 


Several species of native freshwater fish are regarded 
as vulnerable in Victoria (Cadwallader et al. 1984). The 
past and present distributions of three of these species 
have been recently documented: Macquarie perch (Mac¬ 
quaria australasica) (Cadwallader 1981), Murray cod 
(A faccullochella peeli) and trout cod (Maecullochella mac- 
quariensis) (Cadwallader & Gooley 1984). Golden perch, 
Macquaria ambigua (Richardson 1845) is also regarded 
as vulnerable in Victoria. M. ambigua occurs naturally 
in the Murray-Darling river system, the Lake Eyre and 
Bulloo drainage system and (he easterly-flowing Dawson 
Fitzroy system in Queensland. MacDonald (1976) showed 
that the populations in the Murray-Darling drainage are 
morphometrically distinct from other populations. Wi¬ 
thin this system, adult golden perch migrate upstream to 
spawn, while pelagic eggs and larvae are liable to be swept 
downstream resulting in the mixing of golden perch 
throughout the system (Reynolds 1983). In Victoria, the 
natural range of golden perch extended throughout the 
lower elevations of tributaries of the Murray River (Cad¬ 
wallader & Backhouse 1983) but its range and abundance 
has declined since European settlement (Cadwallader 
1977, Cadwallader & Backhouse 1983). The species is now 
considered “vulnerable” in Victoria (Cadwallader et al. 
1984). 

The Warmwatcr Ecology Program (WEP) of the Fish¬ 
eries Division, Victoria, was established to identify loca¬ 
tions and habitats where golden perch populations could 
be augmented or re-established, with hatchery-produced 
fish. The first two tasks were to determine the present 
distribution of golden perch in Victoria and to assess the 
outcome of releases of fry by the Fisheries Division be¬ 
tween 1982 and 1985. The fish were usually 6 to 8 weeks 
old when released and had been actively feeding in rear¬ 
ing ponds. In this paper I present results of surveys un¬ 
dertaken by WEP during 1982-84. 


METHODS 

Information on the past distribution and transloca¬ 
tions of golden perch was obtained from records ot Fish¬ 
eries Division, Victoria. Dates of sightings at locations 
given by Cadwallader and Backhouse (1983) were taken 
from summaries of Fisheries surveys (Tunbridge, personal 
communication). 

Dates are provided for distribution records to enable 
comparisons with future assessment of present distribu¬ 
tions to be made. For the purposes of this paper, “present” 
is considered to be post-1975. Information on sightings 
of golden perch in the last ten years came from four 
sources: (1) Fisheries records of surveys and releases and 
records of permits to release fry in private and public 
waters by non-government bodies were available up to 
1982; (2) A questionnaire sent to all the above permit 
holders —this questionnaire sought information on the 
success of stockings and dates of recaptures; (3) A ques¬ 
tionnaire sent to all Fisheries and Wildlife Officers ask¬ 
ing for records of golden perch in waterbodies in their 
regions; and, (4) Confirmation of past records was made 
by surveys by WEP staff between October 1982 and May 
1984. Thirty-four sites were surveyed to determine the dis¬ 
tribution of inland fish species; golden perch was the tar¬ 
get species at 20 of these sites. Results for all other species 
caught are given in Brumley et al. (in press); only dates 
of records are presented in the current paper. 

Contact was also made with many of the 103 in¬ 
dividuals who were given permits to stock private dams 
with golden perch between 1973 and 1982. The success 
of these stockings often provided further information on 
survival of golden perch outside their natural range. 

RESULTS 

The past and present distributions of natural and in¬ 
troduced populations of golden perch in Victoria are 
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shown in Fig. 1. The past distribution (solid and open 
circles) extends further up each of the tributaries of the 
Murray River than the present distribution (solid circles 
and solid squares). Details of each record are given in 
Table 1. In several rivers, stocks have been replenished 
in the last ten years by introduction of hatchery-produced 
fry. In the Ovens River, reports of golden perch were all 
post 1982 and appear to be the result of survival and 
migration of fry released by N.S.W. State Fisheries be¬ 
tween 1980 and 1982 into Lake Mulwala (site 6). This lake 
is regarded as the site of a former natural population 
(Cadwallader 1977). Releases of fry by the Fisheries Di¬ 
vision, Victoria, into the Goulburn and Loddon River ba¬ 
sins have possibly extended the natural distribution. Only 
in the Goulburn River (site 14) was historical informa¬ 
tion available to indicate that golden perch previously oc¬ 
curred close to the release site. 

Details of releases of golden perch fry by the Fisher¬ 
ies Division between 1982 and 1984 are given by Brum- 
ley et al. (1987). The dates and sites of these releases, 
together with dates and sites of releases in 1985, are given 
in Table 1. In 1985 the Loddon River above Laanccoorie 
Weir (site 33), Lake Cardross (49) and Lake Culluller- 
aine (52) were stocked. Releases into the Wimmera and 
Glenelg River basins appear to have been successful and 
thus extend the distribution of golden perch beyond their 
natural range. Information on stockings by non¬ 
government groups was scarce. Only three angling clubs, 
out of ten, returned questionnaires (Table 1). 

Adult specimens of golden perch had earlier been 
translocated into the Wimmera (site 57), Richardson (55) 
and Wannon rivers (60). Reports from the Horsham An¬ 
gling Club, indicate that translocated fish survived in the 
Wimmera River but not in the Richardson River. There 
were no reports of golden perch in the Wannon River until 
1983 after fry were released. 

From 1973 to 1982, 103 permits were issued to pri¬ 
vate individuals to stock farm dams with a total of 14,532 
golden perch. Many fish survived in areas outside their 
recent range, e.g., Pakenham, Kilmany (La Trobe River 
basin), Mt. Clear (Barwon River basin) and several sites 
in the Wimmera River basin. Fry released by the Fisher¬ 
ies Division also survived in the Wimmera River. Fry were 
also released in Flowerdalc (upper Goulburn River ba¬ 
sin) which is upstream of the recent natural range in the 
Goulburn River (14). Survival of fish also occurred at 
Casterton in a dam that may be flooded by the Glenelg 
River (site 59) and at Nullawill, a site close to the Avoca 
River (46). 

There was also survival from stockings into farm dams 
throughout the natural range of golden perch. These fry 
could have escaped into adjacent rivers during floods, 
e.g., the Ovens River at Chiltern, the Broken River at 
Warranbayne, and the Goulburn River at Toolamba. 

DISCUSSION 

The present distribution of golden perch in Victoria 
appears to be similar to the past distribution with an ex¬ 
tension into river basins in western Victoria. A decline 


in the range of golden perch in the upper sections of Vic¬ 
torian tributaries of the Murray (Cadwallader & Back¬ 
house 1983), appears to be partly rectified by releases of 
hatchery-produced fry. This decline had been attributed 
to both habitat degradation and lack of spawning in the 
upper reaches (Cadwallader 1978, Reynolds 1983). The 
habitat requirements of golden perch are not yet ac¬ 
curately defined but they appear to prefer warm, turbid, 
slow-flowing waters (Merrick & Schmida 1984). There¬ 
fore, they were unlikely to have occurred right up to the 
headwaters of the tributaries of the Murray River. The 
past range is similar to that shown by Cadwallader and 
Backhouse (1983), but old records are lacking to confirm 
this. 

It is likely that golden perch occurred naturally in sec¬ 
tions of rivers that are now above weirs. Although they 
were previously present, golden perch were not reported 
in Lake Mulwala and the Ovens River, above Yarrawonga 
Weir, after 1939 when construction of the weir was com¬ 
pleted (Cadwallader 1977). A weir on the Goulburn River 
was built at Nagambie in 1920 and the last record of a 
natural population of golden perch at this site was 1922. 
Eppalock Weir on the Campaspe River was completed 
in 1962 and there are no recent records of golden perch. 
Golden perch have only been recorded from the lower 
reaches of the Loddon River. There is likely to be suit¬ 
able habitat for golden perch upstream of Laanecoorie 
Weir which was first built in 1891 and extended in 1909. 
This barrier was present before records of fish popula¬ 
tions were made. 

Butcher (1967) recognised that impoundments would 
be detrimental to migratory fish. Llewellyn (1968) 
reported that golden perch moved long distances in rivers 
in N.S.W. Reynolds (1983) reported that mature golden 
perch, tagged in the Murray River near the border of Vic¬ 
toria and South Australia, underwent an upstream spawn¬ 
ing migration that was triggered by a rise in water level 
at the onset of major flooding. He proposed that this 
spawning strategy compensates for downstream displace¬ 
ment of eggs and young fish. He found that golden perch 
moved through regulatory weirs when the weirs were open 
during periods of high water but did not move as far up 
the Murray River as they did in the Murrumbidgee or 
Darling Rivers. None of the 3267 golden perch tagged 
in Reynolds' study were recaptured in Victorian tributar¬ 
ies. Golden perch probably use fish ladders along the 
Murrumbidgee River. The present lack of golden perch 
above high-lev^I weirs in Victoria is likely to be due to 
the inability of adults to reach and spawn in the upper 
reaches of rivers. Low-level weirs across the lower reaches 
of Victorian tributaries, such as at Kerang on the Lod¬ 
don River and at Rochester on the Campaspe River, may 
restrict upstream migration from the Murray River. In 
contrast, anabranches of the Murray River west of Mil- 
dura, which have no man-made barriers, have abundant 
natural populations of golden perch. 

Possible causes of decline of golden perch have been 
discussed by Cadwallader (1978). Although stocks of 
golden perch have declined, there is a lack of evidence 
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Table 1: Details of 61 sites that have been known to contain golden perch in Victoria. Site numbers refer to the location Of 
sites shown in Figure 1 where the status of the population is also depicted. Source of information comes from Fisheries 
Research staff: Baxter. Cadwallader. Hume. Rogan and Tunbridge: Fisheries Officers: Backhouse. Clements. Dickinson, 
Hasthorpe. Hosking. Jackson. Lang. May. Meakes; Fisheries and Wildlife (FW) records and files and from survey work fro m 
Shepparton by the Carp Program and Warmwater Ecology Program (WEP). Also from results of questionnaire o non government 
bodies that have released fry of golden perch. Dates for the source are also given as the most recent records. Unles s 
otherwise indicated. 'Stocked' fish are fry released by Victorian Fisheries and Wildlife Service. 


SITE NUMBER SITE LOCALITY SOURCE OF INFORMATION AND DATE OF RECORD 


1 

Lake Hume 

Tallangatta 

2 

King River 

Oxley 

3 

Ovens River 

downstream Wangaratta 

4 

Ovens River 

Peechalba 

5 

Ovens River 

upstream L. Mulwala 

6 

Lake Mulwala 

Yarrawonga 

7 

Lake Mokoan 

Benalla 

8 

Stockyard Creek 

Outlet of Lake Mokoan 

9 

Broken River 

Lake Benalla Weir 

10 

Broken River 

Benalla to Shepparton 

11 

Broken River 

Shepparton 

12 

Seven Creeks 

Euroa Weir 

13 

Seven Creeks 

below Euroa Weir 

14 

Goulburn River 

Nagambie Weir 

15 

Goulburn River 

Nagambie Weir 

16 

Goulburn River 

Nagambie to Shepparton 

17 

Goulburn River 

Billabong 

Darcys State Forest, Toolamba 

18 

Goulburn River 

Shepparton 

19 

Goulburn River 

Bunbartha 

20 

Goulburn River 

Undera 

21 

Goulburn River 

McCoys to Stewarts Bridges 

22 

Loch Garry 

Bunbartha 

23 

Broken Creek 

Numurkah 

24 

Waklti Creek 


25 

Campaspe River 

Eppalock 

26 

Campaspe River 

English Bridge, Goornong 

27 

Campaspe River 

Siphon at Waranga - Mailee 
channel 

28 

Kow Swamp 

Gunbower 

29 

Gunbower Creek 

Cohuna 

30 

Pyramid Creek 

Kerang 

31 

Murrabit River/ 

Barr Creek 


32 

Serpentine Creek 


33 

Loddon River 

above Laanecoorie Weir 

34 

Loddon River 

Laanecoorie to Bridgewater. 

35 

Loddon River 

Kerang 

36 

Loddon River 

Kerang Weir to Little Murray R 

37 

Reedy Lake 


38 

Middle Lake 


39 

Third Lake 


40 

Lake Charm 


41 

Racecourse Lake 


42 

Kangaroo Lake 


43 

Little Murray River 


44 

Lake Boga 


45 

Little Boort Lake 


46 

Avoca River 


47 

Lake Mournpall 

Hattah Lakes National Park 

48 

Hattah Lakes 


49 

Lake Cardross 


50 

Lake Hawthorn 


51 

Wallpolla Creek 


52 

Lake Cullulleraine 


53 

Lindsay River 


54 

Cato Lake 

Stawell 

55 

Richardson River 

Donald 

56 

Green Lake 

Horsham 

57 

Wlmmera River 

Elmhurst to Horsham 

58 

Wimmera River 

Horsham to Dimboola 

59 

Glenelg River 

Casterton. Ess Lagoon 

60 

Wannon River 

Tahara Bridge 

61 

Lake Hamilton 

Hamilton 


Rogan 1970-1975 
Tunbridge 1982; Lang 1983 
Tunbridge 1982 

WEP 1982; Cadwallader 1983; Lang 1982. 83. 84 
WEP 1984 

Lang 1983. 84; stocked by NSW Fisheries 1980, 81, 82 

Stocked 1982: WEP 1983; Lang 1984 
Hosking 1983 

Lang 1983. 84: Stocked 1983. 84 

No evidence of golden perch - Carp Program 1980, 81. 82 
Hosking 1983. 84 

Stocked 1984. 85. WEP (angler report) 1984 
Cadwallader 1975-76 (published 1979); May 1984 
FW Records 1922 

Stocked Nagambie Angling Club 1983; Stocked 1984, 85; 

WEP (Nagambie Angling Club Competitions) 1983-84 
Meakes 1984 
Carp Program 1980 

Carp Program 1979. 80; WEP 1983, 84 

Carp Program 1982 

Carp Program 1982; WEP 1983 

Cadwallader 1980; Carp Program 1980 

Carp Program 1981 

Hosking 1983, 84 

Meakes (prior to 1975); no current evidence from Carp 

Program 1981 

Meakes (prior to 1975) 

WEP (angler report) 1983 
Meakes 1984 

Dickinson 1983; Meakes. 1984; WEP 1984 
Dickinson 1980-84 
Dickinson 1984 

(no current evidence) Dickinson 1984 
Dickinson 1984 

Stocked 1985 (Clements. WEP) 

Clements (angler report) 1980; stocked 1982, 83, 84; 
Dickinson 1984; Meakes 1985 
Stocked 1982. 83. 84. 85: WEP 1984. 85 
R. Dickinson 1980-84; WEP 1985 
WEP 1983 
Dickinson 1984 
Dickinson probable 

No evidence of golden perch - WEP 1982. 83 
Hume 1980 

Backhouse 1979; Carp Program 1980; WEP 1983 
WEP 1984 

Dickinson probably (1982) 

Stocked 1982, drained 1983; WEP 1983 
St Arnaud Angling Club 1980-84 
Baxter 1984 (lake dried) 

Backhouse 1979, 80 

Stocked 1985 

Carp Program 1979, 80 

Moy 1984; WEP 1984; Commercial FW records 1970-84 
WEP 1984. stocked 1985 

Moy 1984; WEP 1984: Commercial FW records 1970-84 
Stocked 1981 Stawell Apex Club 
Donald Angling Club 1953. 55 

Stocked 1977, 78, 79 Horsham Angling Club; Stocked 1982* 

83. 84. 85; Horsham Angling Club 1984; WEP 1983, 84 

Stocked 1949, 50. 55 Horsham Angling Club; stocked 

1982. 83. 84. 85: WEP 1984 

WEP (Horsham Angling Club) 1983, 84 

Stocked 1983. 84. 85; Hasthorpe 1983. 84 

Stocked 1922; Stocked 1983. 84. 85; Hasthorpe 1983 

Stocked 1983, 84. 85; Hasthorpe 1984; Jackson 1985 
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to show specifically how the species have been affected. 
Commercial records of “Murray fish”, including golden 
perch, showed an overall decline in 1946-49, after thirty 
years of exploitation (Cadwallader 1978). Commercial 
fishing for golden perch in Victoria is now restricted to 
the Mildura region where catches averaged about 5000 
kg per annum from 1976-77 to 1983-84 (Cadwallader 

1985). 

The range of golden perch in Victoria has expanded 
since 1975. Recent reports of golden perch in the Ovens 
River probably result from stockings of fry into Lake 
Mulwala by the N.S.W. State Fisheries (now Division of 
Fisheries, Department Agriculture, N.S.W.). A total of 
285,900 golden perch fry were released into Lake Mul¬ 
wala between 1979-80 and 1981-82 (Rowland et al. 1983). 
Catches of golden perch, up to 4 kg in weight, in the King 
and Ovens Rivers from 1982 onwards suggests an up¬ 
stream migration of released fry. A survey in Lake Mul¬ 
wala in 1984 revealed good growth rates of fry released 
in 1980-81 (up to 3 kg) and 1981-82 (1-1.2 kg) (Rowland, 
personal communication). 

Releases by the Fisheries Division, Victoria, in the im¬ 
poundment at Lake Mokoan, and above Benalla, Euroa 
and Nagambie weirs have re-established golden perch in 
the upper reaches of the Goulburn River basin. Natural 
populations have persisted in the lower reaches where 
there is unimpeded access to the Murray River. It appears 
that natural populations have declined in the Broken 
River (site 10) where several small weirs obstruct migra¬ 
tion of fish during all but very high flood waters. 

Releases of hatchery-produced fish has extended the 
range of golden perch into river systems west of the Lod- 
don River. Most releases appear to have been successful 
with fish being recaptured after one or two years. 
However, the population in Little Boort Lake did not per¬ 
sist following the draining of the lake fourteen months 
after fry were stocked. The lake above Benalla Weir was 
drained in 1984 but fish from here could have moved up¬ 
stream or downstream. The successful stockings of many 
private farm dams also indicate that golden perch sur¬ 
vive well in these habitats outside their natural range. 

Golden perch may be regarded as vulnerable in Vic¬ 
toria but it is widespread and abundant in other parts of 
the Murray-Darling basin (Reynolds 1983, Llewellyn 
1983). It remains an important commercial species in New 
South Wales and South Australia, with catches ten to 
twenty times greater than Victoria (Cadwallader 1985). 
Releases of fry in public waters in New South Wales be¬ 
gan with nearly 200,000 in three lakes in 1976-77 and has 
continued in impoundments each year (Rowland et al. 
1983). In a workshop on endangered Australian inland 
fish species, organised by the Australian Society for Fish 
Biology (Melbourne, August 1985), golden perch was not 
categorised in the list of endangered or restricted species 
(J. Harris, personal communication). 

However, in Victoria, the ultimate security of golden 
perch is not yet assured. The extended range of golden 
perch in Victoria is mainly due to releases of hatchery- 
produced fry. Until the reproductive success of such in¬ 


troduced populations is determined, the long term sur¬ 
vival of the species in Victoria is still in doubt. Also, the 
extent to which numbers of golden perch have declined 
due to alteration of micro-habitat in the lower reaches 
of rivers has not yet been determined. Future changes in 
flows, salinity levels and flood regimes in areas where 
golden perch appear to be common (lower Goulburn 
River and Kerang Lakes) may further decrease the abun¬ 
dance of this species. Further investigation of habitat re¬ 
quirements of golden perch is required. Until these aspects 
of golden perch biology are fully understood, Macquaria 
ambigua should be regarded as vulnerable (sensu Cad¬ 
wallader et al. 1984) in Victoria. A continuation of stock¬ 
ing is recommended. However, to safeguard other native 
species, new areas south of the divide should not be 
stocked. 
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A NEW MARINE GENUS, DOOWIA, FROM EASTERN 
AUSTRALIA (AMPHIPODA, GAMMARIDEA) 
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Abstract: Two new species of a new genus of amphipod allied to Oedicerotidae, Exoedicerotidae 
and Paracalliopiidae are described from shallow waters of New South Wales and southern Queensland. 
The genus forms a distinct branch within this complex, but its precise status is, as yet, undetermined. 


A new genus and two new species, Doowia cooma 
nd D. dexterae form a separate branch in the complex 
>f families Oedicerotidae, Exoedicerotidae and 
'aracalliopiidae. 

Within this complex, two main characters can be used 
3 distinguish between the families: presence or absence 
| f apical spination on uropods 1 and 2; and presence or 
bsence of major medial setation on the maxillae. The 
itnily Oedicerotidae, restricted thus to those species lack- 
ig both apical spines on uropods 1 and 2 and major 
ledial setation on the maxillae, is primarily confined to 
te cold northern hemisphere and the deep sea. Most 
enera belonging to the Exoedicerotidae and the Paracal- 
opiidae, on the other hand, are found only in the 
3Uthern hemisphere, largely in warm and cold temper- 
e southern Australia and southern South America (old 
ondwana). They are characterized by the presence of 
rong medial setation on both pairs of maxillae. Some 
(oedicerotids, such as Bathyporeiapus and Metoediceros , 
eking facial setae on maxilla 2, bear dense medio- 
arginal setae. 

Member species of Exoedicerotidae and Paracalliopi- 
ae are characterized by strong inward twisting of the 
)ical articles of the gnathopods (at least on death); a 
ipability usually marked morphologically by the 
esence of an antero-basal flange on the propodus(i) of 
her gnathopod or both, and apparently facilitated by 
weakness of the joint between articles 4 and 5. The Ex- 
dicerotidae are further distinguished by the presence 
apical spines on the rami of uropods 1 and 2; spines 
eking in paracalliopiids. 


Doowia differs from the Paracalliopiidae in its more 
'ongly oedicerotid-Iike features such as dorsally con- 
'uous eyes, long peduncle and unarmed rami of uro- 
>d 3, lack of small posteroventral teeth on the epimera 
d the lack of A and D setae (Stock 1974, Fig. 1 :f) on 
e third article of the mandibular palp. In antiboreal 
gions Doowia and the Paracalliopiidae are clearly diver- 
nt from oedicerotids and exoedicerotids in the coales¬ 
ce of pleonites 5 and 6; though in the tropics this 
ndition occurs in certain very apomorphic oedicerotids 
e Perioculodes (Thomas & Barnard 1985). 

In the above context, no known living species of 
>owia, Paracalliopiidae or Exoedicerotidae can be coll¬ 
ared a model ancestor of the more apomorphic and 
ostly northern Oedicerotidae. Each of the three 


southern taxa has a presumably irreversible synapo- 
morphic character, such as fused pleonites or flexion of 
gnathopods. We assume, but the point is debatable, that 
the presence of strong medial setation on the maxillae is 
a synplesiomorphy shared by Doowia , Paracalliopiidae 
and Exoedicerotidae, but lost by the Oedicerotidae. We 
also assume that non-fusion of eyes and presence of api¬ 
cal spines on the rami of uropods 1-2 are synplesiomor- 
phies. The loss of eyes by some Oedicerotidae prevents 
the use of eye condition as a character at familial level. 

Because of the feeble gnathopods, the female of 
Doowia closely resembles some genera of the Exoedicerot¬ 
idae such as Parhalimedon Chevreux (1906) and especially 
Methalimedon Schellenberg (1931). Similarities to Metha- 
limedon are seen in the presence of the row of facial setae 
on maxilla 2, the short article 3 on the mandibular palp, 
the few tightly packed, thin and sharp mandibular rakers, 
the thin pereopods 3-4, and the dorsally-coalesced eyes. 
However, Methalimedon has the exoedicerotid charac¬ 
ter of apically spinose rami of uropods 1-2, and further 
differs from Doowia in the postero-ventral tooth of 
epimera 2-3, densely setose coxae 1-4, and presence of 
A-setae on mandibular palp article 3. Only the female 
of Methalimedon is known and possible fusion of 
pleonites is not described. 

Parha/imedon, with type-species P. turqueti Chevreux 
(1906), also has facial setae on maxilla 2, similar man¬ 
dibular incisor, rakers and pereopods 3-4, but its uropods 
1-2 have the exoedicerotid form. It differs from Doowia 
in the more orthodox anterior coxae (densely setose), very 
elongate and spinose uropod 3, shortened outer rami of 
uropods 1-2, points on the epimera, slightly excavate coxa 
4, constricted article 2 on pereopod 7, falciform ordinary 
article 3 of the mandibular palp with A and D setae, and 
broadened oostegites; again, sexual dimorphism is not 
described. Parhalimedon tropical is J. L. Barnard (1961) 
has coalesced dorsal eyes (unknown in type-species) and 
though it has many apparent similarities to the type- 
species, had several missing limbs and other undescribed 
parts and must be re-evaluated when better material be¬ 
comes available. 

When running the type-species, Doowia cooma 
through keys to the genera of the Oedicerotidae, very little 
relationship to them is found except, perhaps, to 
Paraperioculodes microrhynchus Ruffo (1949) from An¬ 
tarctica; the main resemblance between these two species 
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lying in the male gnathopodal form and the lack, on ar¬ 
ticle 3 of the mandibular palp, of all but E-setae. P. 
microrhynchus , however, has the orthodox oedicerotid 
character of poorly setose maxillae; it also has a distinct 
accessory flagellum and a ventrally spinose epimeron 3. 

LEGEND 

Capital letters on figures denote main parts as follows: 
A, antenna; B, body; C, coxa; E, epimera; F, accessory 
flagellum; G, gnathopod; H, head; l, inner plate or ra¬ 
mus; J, oblique dorsal view of eye; L, labium, M, man¬ 
dible; N, molar; O, outer plate or ramus; P, pereopod; 
Q, calceolus; R, uropod; S, maxilliped; T, telson; U, 
labrum; V, palp; W, pleon; X, maxilla; Y, coupling hooks 
of pleopods; and Z, gill. 

Lower case letters to the left of capitals indicate speci¬ 
mens described in captions. Lower case letters to the right 
of capitals are descriptive: d, from the side; r, right; s, 
setae removed; and, t, left. 

SYSTEMATICS 

Doowia, new genus 

Type Species: Doowia cooma new species. 

Etymology: Doowia from Doowi, aboriginal dream 
spirit; cooma , unique, referring to Doowian morphology. 
Diagnosis: Body laterally compressed, not toothed, uro- 
somites 2-3 coalesced; head with broad weakly visor-like 
rostrum, no lateral lobes, with eyes closely contiguous 
on dorsal side of head. Calceoli of type not shown by 
Lincoln and Hurley (1981); accessory flagellum absent. 
Mandibles with toothed incisor, laciniae mobilies, rakers, 
triturative molar and 3-articulate palp, with article 3 very 
short and bearing only E-setae. Labium with mandibu¬ 
lar lobes and separated fleshy inner lobes. Inner plate of 
maxilla 1 fully setose medially. Inner plate of maxilla 2 
with facial row of medial setae. Inner plate of maxilliped 
bearing mostly dense apical setae, palp 4-articulate. 
Gnathopods of twisted form as in Paracalliopiidae and 
Exoedicerotidae, propodi bending inward from carpi and 
on gnathopod 1 propodus with flange acting to support 
this function, carpus apically narrower than propodus. 
Pereopods of fossorial form similar to Oedicerotidae, Ex¬ 
oedicerotidae and Paracalliopiidae, with pereopods 5-6 
short, pereopod 7 greatly elongate, of different form from 
pereopods 5-6 and with elongate dactyl. Epimera with 
rounded posteroventral corners. Uropods 1-2 with styli- 
form, apically naked rami. Uropod 3 with elongate 
peduncle and naked lanceolate rami. Telson short, 
uncleft. 

Description (incorporating characters of genera in fa¬ 
milies Oedicerotidae, Exoedicerotidae and Paracalliopi¬ 
idae): Eyes dorsally contiguous but separated by weak 
mid line. Antenna 1 short, peduncle short, article 3 as 
long as article 1, flagellum short. Antenna 2 slightly longer 
than antenna 1. Labrum incised below. Mandibular in¬ 
cisors strongly projecting, weakly toothed; each side with 
doubled spine-like lacinia mobilis, 3 rakers and no inter¬ 
rakers; mandibular palp article 3 box-like. Mandibular 


lobes of labium long. Inner plate of maxilla 2 with par¬ 
tial to full row of facial setae, plates subequally br^ ac j 
Inner plate of maxilliped broad and with mostly aftj ca 
setae; outer plate large, medially spinose; dactyl of ^alp 
unguiform. 

Coxae poorly setose, coxa 1 larger than coxae 2-4 
coxa 4 tapering and neither excavate nor lobed behj n d 
Coxae and gnathopods showing strong sexual dir^ or 
phism. Male gnathopod 2 dominant, carpi of both h a j r 
bearing poorly setose lobe not guarding propodus, ca rpu 
narrower than hand at common joint, propodi of gnq t ho 
pods large, ovato-rectangular, palms long, oblique, dac 
tyls sinuous; female gnathopods feeble, slender, simple 
carpus of gnathopod 1 lobate, more markedly lobat e 0 x 
gnathopod 2, dactyls well developed. Pereopods 3-7 \ v itl| 
long dactyls; pereopods 3-4 slender. Epimero n 
dominant. Uropod 2 falling well short of the apices o 
uropods 1 and 2; uropod 3 well developed but not t 
sively elongate, rami longer than elongate peduncle^ e x 
tending equally. Telson ovato-linguiform, entire. Gills oi 
coxae 2-6 in male, often 2-7. in female; oostegites st ra p l 
shaped, borne on coxae 2-5. 

Sexual distinctions: female coxae taller; male bqdie 
smaller, more streamlined, flagellum of antenna 2 logger 
article 5 of pereopods 5-6 more elongate, epimer; 
broader, usually armaments fewer, spines on uropod’ 
fewer. Coxa 7 with small gill in female, none in male 
Relationship: This genus differs from the Oedicerotf 
dae in the strongly setose inner plates of maxillae 1 ani 
2, the marked sexual dimorphism of the gnathopods, ana 
from most oedicerotids, in the fusion of pleonites 5 an<’. 
6. It differs from most of the Exoedicerotidae in the con 
tiguous, dorsally-situated eyes and the absence of apice. 
spination on the rami of uropods 1 and 2; and from th 
Paracalliopiidae in the fully contiguous eyes an' 
oedicerotid-like epimera. From all three of these farm 
lies (except the oedicerotid Paraperioculodes microrhyri 
chus) it is distinguished by the lack of A and D setae o 
article 3 of the mandibular palp. It cannot be sati$fac' 
torily accommodated in Oedicerotidae, Exoedicerotida^ 
or Paracalliopiidae. ' 

At this time, however, we prefer not to establish 
new family for Doowia. Its position may be better as* 
sessed after the completion of J. D. Thomas’s cladisti' 
study, at present in progress, of the OedicerC 
tidae-Exoedicerotidae-Paracalliopiidae complex and a' 
lied groups. 

Doowia cooma, new species 
Figs 1-4 

Diagnosis: See key. 

Description of Holotype Male “v”: Head broad anter 
orly, weak rostral margin dipping ventrally and appeal' 
ing narrow from side but actually broad dorsally; eye 
large, black, pressed together but separated by very thi; 
depigmented midline. Lateral cephalic lobes absent. 

Antennae short, antenna 1 much shorter than I 
peduncle short and articles 1-3 subequal, flagellum shorte 
than peduncle, 5-articulate, first 4 articles each with Ion 1 
aesthetasc. Article 1 of antenna 2 not swollen, gland con 
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Fig. 2 — Doowiacooma, new species, unattributed figures, holotypemale “v” 2.20 mm; u, female “u” 2.30 mm. 
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Fig. 4 — Doowia cooma , new species, unattributed figures, holotype male “v” 2.20 mm; u, female “u” 2.30 

mm; x, male “x” 2.21 mm. 


Key to the Species of Doowia 

Inner plate of maxilla 2 with only 3 facial setae, peduncle of uropod 1 with 1 dorsolateral spine, rami 
on uropods 1-3 with total aggregate of 13 spines (adults), carpal lobes on male gnathopods slightly 

elongate, of female gnathopod 2 well developed . D. dexterae 

Inner plate of maxilla 2 with about 9 facial setae, peduncle of uropod 1 with 3 dorsolateral spines, rami 
on uropods 1-3 with total aggregate of 7 spines (adults), carpal lobes on male gnathopods short, on 
female gnathopod 2 weak.... D, cooma 
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of medium size, article 3 short, article 5 slightly longer 
than 4, flagellum slightly longer than articles 4-5 of pedun¬ 
cle combined, 12-articulate, first 5 basal articles thick and 
bearing 6 calceoli of special form (Fig. 1, Q), article 1 
(incipiently divided at death of specimen), thus with 2 cal¬ 
ceoli, remaining articles thinner and ordinary. 

Prebuccal mass not projecting anteriorly, labrum 
divided from epistome, weakly incised below from an¬ 
terior aspect. Incisors of mandibles thin and strongly 
projecting, weakly toothed, each side with spine-like, 
basally inflated or subdivided lacinia mobilis, each side 
with 3 long rakers, no inter-rakers, molar strongly tritura- 
tive and bearing weak basal chopper composed of small 
blunt (or worn) teeth; palp of medium size, article 1 
scarcely elongate, article 2 naked, article 3 much shorter 
than 2, box-like, with 5 diverse setae on right mandible, 
4 on left. Mandibular lobes of labium with marginal 
flanges. Inner plate of maxilla 1 large, sparsely pubes¬ 
cent, medially setose, with one disjunct apical seta; outer 
plate with 10 spines packed close together in curved for¬ 
mation; palp feeble, thin, article 1 elongate but article 
2 longer than 1, with 6-7 apical and subapical stiff setae, 
symmetrical on both sides. Plates of maxilla 2 of sub¬ 
equal width, outer slightly exceeding inner, inner with 
strong facial row of setae. Inner plate of maxilliped broad, 
with one large apico-medial cusp, the truncated apex bear¬ 
ing many setae with scattered cusps and 2 barely sepa¬ 
rated tooth spines; outer plate large, with 1 apical seta, 
many medial spatulate spines and ventral pairs of thin, 
clavate setae; palp articles 1-2 naked laterally, article 2 
not elongate, article 3 with apico-lateral lobe and 1 seta, 
medially with clavate setae; dactyl long, unguiform, with 
weakly separated apical nail and several accessory setules. 

Coxae 1-4 relatively short and extending equally, 
poorly setose, coxa 1 largest, weakly expanded apically; 
coxae 3-4 weakly tapering, not excavate nor lobed posteri¬ 
orly; coxa 5 as long as 4, posterior lobe shortened; coxa 
6 as long as posterior lobe of coxa 5, anterior lobe short¬ 
ened; coxa 7 short and unlobed. 

Gnathopods generally similar to one another, but 
gnathopod 1 small and gnathopod 2 large; carpi with 
strong subsharp lobe projecting about 45 degrees, lobes 
weakly setose, propodi enlarged, palms oblique and sinu¬ 
ous, defined by pair of setae, each with pocket for recep¬ 
tion of dactylar apex, palm of gnathopod 1 bearing 
reinforcement sclerites arranged in buffer-pad, palm of 
gnathopod 2 lined with heavy spines, dactyls curved, sinu¬ 
ous, on gnathopod 1 not extending full width of palm, 
dactyls with weak apical nail. 

Pereopods 3-4 slender, articles 4-5 barely expanded 
or apically lobate, weakly setose, article 6 with all setae 
apical, dactyls well developed, with small nail and hya¬ 
line lobe. Pereopods 5-6 alike, weakly setose, article 2 
ovato-rectangular, with medial midfacial vertical row of 
setae, article 4 expanded apically, article 5 rectangular, 
article 6 clavate, again with all setae apical, dactyls like 
pereopods 3-4. Pereopod 7 huge, weakly setose, article 
2 longer than wide, proximally broad, tapering distally 
and posteroventrally lobate, lacking medial setae; arti¬ 


cle 4 weakly expanded, remaining articles linear, dactyl 
as long as article 6, with setal groups on both margins 
and apically. Gills on coxae 2-6, unpleated, not basally 
lobate, that of coxa 6 reduced. 

Epimera all rounded behind, each with 1 posterior set- 
ule, epimera 1-3 with 3-2-2 ventral setae, epimeron 1 
dominant and also bearing 2 facial setae. Pleopods power¬ 
ful, peduncles elongate, poorly setose (formula of plco- 
pods 1-3, medial setae= 1-0-2, Lateral-setae = 4-0-5), 
coupling hooks 2 on all pleopods, rami extending equally, 
about 95 per cent as long as peduncles, articles on outer 
and inner rami on pleopods 1-3 = 8-8, 9-8, 9-10, medial 
setae on article 1 of inner ramus on pleopods 1-3 = 5,4, 3. 

Urosomite 1 with ventral spine at base of uropod 1; 
uropods 1 and 3 extending equally, uropod 2 extending 
slightly beyond end of peduncle of uropod 3 or nearly 
halfway along rami (variable), peduncle of uropod 1 with 

3 lateral and 2 medial dorsal spines, outer ramus with 

2 marginal spines in tandem, inner with 2 in tandem and 
third spine forming second row as shown in illustrations; 
uropod 2 peduncle with one apicolateral, one apicomedial 
spine, each ramus with one marginal spine. Peduncle ot 
uropod 3 with one apicolateral spine, rami extending 
equally, longer than peduncle, naked. Tclson ovato- 
linguiform, rounded apically, each side of dorsum with 

4 setules in pattern of 1-2-1. 

Female “u”: Strong sexual dimorphism in antenna 2 
and gnathopods; thin, strap-shaped oostegites with few 
setae present on coxae 2-5; antenna 2 flagellum slender, 
lacking calceoli; coxa 1 much more adz-shaped than in 
male, coxa 2 relatively longer and more slender than in 
male; gnathopods feeble, slender, article 2 with more 
posteroventral setae than in male, carpi elongate and 
poorly lobed, propodi slender, simple, dactyls curved but 
not sinuous. 

Illustrations: Appendages to be compared with each 
other are drawn to the same scale, viz-, antennae 1 and 
2; coxae 1-4; gnathopods 1 and 2; pereopods 3-4; pereo¬ 
pods 5-7; pleopods 1-3; uropods 1-2; uropod 3 and tel- 
son. The magnification is not the same for all groups. 
Holotype: Museum of Victoria (MV), J 13093, male v , 
2.20 mm (illustrated). 

Type-Locality: Snappermans Beach, New South Wales, 

3 January 1981, coll., Dr. Deborah Dexter. 

Material: Type-locality, J 13094 female “u” 2.30 mm 
(illustrated), J 13095 male “x” 2.21 mm (illustrated), J 
13096 male “y” 2.06 mm, J 13097 male “z” 1.88 mm; and, 
13 other specimens. 

Distribution: New South Wales, sand beaches. 

Doowia dexterae new species 
Figs 5-6 

Diagnosis: See key. 

Description of Male Holotype “m”: Like Holotype of 
D. cooma with following minor distinctions: flagellum 
of antenna 2 with 13 articles; right lacinia mobilis fully 
divided and gaping, left almost fully divided but not 
gaping, E-setae of palp, 7 on right and left; palps ot 
maxilla 1 with 8 or 9 setae; inner plate of maxilla 2 with 
only 3 of medial setae fully facial, next 4 proximal setae 
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Fig. 6 — Doowia dexterae , new species, unattributed figures, female “f” 3.54 mm; m, male holotype m 

2.86 mm. 


marginal; inner plate of maxilliped setose but lacking 
toothed spines of D. cooma . 

Carpal lobes on gnathopods more elongate. Article 
4 of pereopods 6-7 broader. Several posterior setae on 
article 2 of pereopod 7 elongate. 

Spine-seta formula on epimera 1-3: 1 ventral and 3 
facial; 2 ventral; 1 ventral. Outer rami of pleopods with 
11 articles, inner with 8 or 9, mediobasal setae on article 
1 of inner ramus with 4 setae on all pleopods. 

Spines on uropods: uropod 1 peduncle lateral 1, 
medial 1; outer ramus 1, inner ramus 2 and 3 (lateral and 
medial); uropod 2 peduncle 1, outer ramus 1, inner ra¬ 
mus 2 and 3 (lateral and medial); uropod 3 peduncle 1 
medial, outer ramus 0, inner ramus 2 (abnormally 1). 

Female “f”: Like female of D. cooma , thus coxae 
longer than in male, coxa 7 with small gill, laciniae mobilis 


not gaping, inner plate of maxilla 1 with 11 or 8 setae 
(right and left), palps with 7-8 setae; inner plate of max¬ 
illa 2 with only 2 facial setae; inner plate of maxilliped 
more setose, thus with 4 medial setae, spines absent. 

Differing from male D. dexterae in presence of only 
4 articles in flagellum of antenna 1,9 articles in flagellum 
of antenna 2, setae and spines slightly thickened (probably 
body size related); laciniae mobiles of shape shown for 
D. cooma ; coxae 5-6 much taller relative to article 2, 
articles 5-6 smaller relative to article 2; epimeron 1 with 
1 ventral and 2 facial setae, epimeron 2 with 3 ventral 
spines, epimeron 3 with 3 left or 2 right ventral spines. 

Lateral peduncular setae on pleopods 1-3, 17-14-10, 
medial 2-3-10 (groups); articles of outer rami, 12-12-11; 
of inner rami, 10-10-10; medial setae on inner margin of 
article 1 on inner ramus, 5-6-6. 
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Spines on uropods: uropod 1 peduncle lateral 1, outer 
ramus 3, inner ramus 1 and 3 (lateral and medial); uro¬ 
pod 2 peduncle 1, outer ramus 2, inner ramus 2; uropod 
3 peduncle 1, outer ramus 0, inner ramus 2. 

Larger female on slide: epimeron 1 with 4 anteroven- 
tral setae and 3 facial spines, epimeron 2 with 2 ventral 
spines, epimeron 3 with 1 ventral spine; outer ramus of 
uropod 1 with 4 spines, inner with formula of 1-4. 
Illustrations: Pereopod 3 reduced to 70% of size of 
gnathopods 1-2, thus coxa 3 about 1.12 times as long as 
coxa 2. Appearance of non-illustrated parts like D. 
cooma. 

Holotype: MV J13098, male “m”, 2.86 mm (partly 
illustrated). 

Type-locality: Queensland, Brisbane, Redcliffe Beach, 
sand beach in surf, 15 April 1981, collected by Deborah 
M. Dexter. 

Material: Type-locality, J 13099, female ‘T’ 3.54 mm 
(illustrated), J 13100, female “w” 3.31 mm (illustrated), 
and 4 other specimens; Queensland, South Bribie Island, 
Bongaree Beach, 15 April 1981, coll., D. M. Dexter, 4 
specimens. 

Etymology: Named for the collector. 

Relationship: Differing from D. cooma in the characters 
of the key. Although some of the differences between the 
two species appear to be based on the larger body size 
of A dexterae , the presence of more spines on the rami 
of uropods 1-3 combined with the fewer spines on the 
peduncle of uropod 1, and the difference in setation on 
the inner plate of the second maxilla, suggests the presence 
of a genetic distinction between the species. 


Distribution: Queensland, sand beaches. 
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COLUMBARIINAE (GASTROPODA; TURBINELLIDAE) FROM 
QUEENSLAND, AUSTRALIA 

By Thomas A. Darragh 

Natural History Division, Museum of Victoria, 285 Russell Street, Melbourne, Victoria 3000. 

Abstract: Species of Columbariinae are recorded from the Queensland Continental shelf and slope. 
New species described are: Columbarium hystriculum from north of Townsville; Coluzea bimurata from 
central Queensland; and, Coluzea pinicola from south of New Caledonia. Range extensions are recorded 
for: Columbarium spinicinctum (Martens); Columbarium pagodoides (Watson); Columbarium hedleyi 
Iredale; and Coluzea icarus Harasewych. 


The Columbariinae (Family Turbinellidae) is a sub¬ 
family of gastropod molluscs, generally found in the 
deeper waters (100-1000 m) of the continental shelf and 
slope. Acquisition of specimens is difficult and very much 
dependant on specific scientific dredging programs, or 
fortuitous collection by fishing boats trawling for prawns. 
Large samples taken over a wide area are not to be ex¬ 
pected. Since the author’s last contribution to the group 
(Darragh 1969), dredging programs on the east coast of 
Australia by the New South Wales Fisheries Department, 
the Australian Museum, James Cook University and the 
Museum of Victoria, and trawling between Cape York 
and Central New South Wales have yielded some new 
material and also extended the ranges of previously- 
described species. Harasewych (1986) has reported on 
material trawled off northern Western Australia by 
C.S.I.RO. 

The purpose of this paper is to describe a new species 
of Columbarium from north of Townsville, two new spe¬ 
cies of Coluzea , one from central and north Queensland, 
the other from off the Isle of Pines, New Caledonia and 
to record range extensions for Columbarium spinicinc¬ 
tum (Martens), C. pagodoides (Watson), C. hedleyi Ire- 
dale and Coluzea icarus Harasewych. 

Harasewych (1983b, 1986) has studied the anatomy 
of several species currently assigned to Coluzea and Ful- 
gurofusus and concluded that the group, hitherto 
regarded as a family, should be placed as a subfamily wi¬ 
thin the Turbinellidae. This view is followed in this paper. 

SYSTEMATIC DESCRIPTIONS 

Genus Columbarium Martens 1881 

Pleurotoma (Columbarium ) Martens 1881, 2, p. 105. 
Columbarium Darragh 1969, p. 71 (synonymy and 
description). 

Type Species: Pleurotoma ( Columbarium) spinicincta 
Martens 1881 (original designation). 

Since the publication of the writer’s revision of the 
group (Darragh 1969), the distribution of the genus in 
the Western Pacific has been extended. Habe and Kosuge 
(1972) described a new species, C. suzukii , from the South 
China Sea, off Taiwan, and Habe (1979) described C. 
pagoda nakayasui from the same area. The writer has ex¬ 
amined specimens of these species from off Pratas Island 


(Dongshe Qundo) (United States National Museum) and 
off Da Nang, Vietnam (Zoological Museum, Copenha¬ 
gen), which extend the ranges even further south. These 
specimens, and those illustrated by Habe (1979) from the 
South China Sea, show that C. pagoda nakayasui bears 
a very close resemblance to the east Australian species 
C. hedleyi and that C. suzukii resembles C. spinicinctum , 
which suggests that there may be a closer relationship be¬ 
tween the Southeast Asian and Australian species than 
has hitherto been accepted. This possibility needs to be 
investigated when further material is available. 

As yet there are no records of species of Columbar¬ 
ium from the west coast of Australia (Harasewych 1986), 
but there is one record from the south coast. Unfor¬ 
tunately this record is of a single, small fragment dredged 
by Endeavour in 655 m, 120 miles west of Eucla, Western 
Australia (South Australian Museum, Verco Collection) 
and it is not possible to determine its relationship with 
other species. 

With regard to the stratigraphic range of the genus, 
examination of an undoubted specimen of a species of 
Columbarium , somewhat similar to C. rugatum Aldrich 
(Early Eocene, U.S.A.), from the Pebble Point Forma¬ 
tion near Princetown, Victoria, confirms the existence of 
the genus in the Paleocene of Australia. Also examina¬ 
tion of a well-preserved specimen of Fulgurofusus vul- 
neratum Finlay and Marwick (Paleocene) in the collection 
of the Geology Department, University of Otago has con¬ 
firmed that this species is a Columbarium (Darragh 1969, 
p. 73). The genus was present, therefore, both in New 
Zealand and Australia at the beginning of the Tertiary. 


Columbarium hystriculum sp. nov. 

Figs 1, 3E-F, K-L 

Description: Shell large (up to 100 mm), fusiform, with 
gradate spire of 8 prominently shouldered whorls with 
double spinose keel. Protoconch of about 2 Zi smooth 
whorls which merge gradually into teleoconch whorls, 
first whorl slightly deviated from axis of shell, attenu¬ 
ated to posteriorly-directed point; second whorl bearing 
weak median keel, which increases rapidly in strength into 
prominent keel bearing flat, close-set spikes open towards 
aperture. 
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Fig. 1 — Columbarium hystriculum sp. nov., paratype, NMV 
F53054, x 14. 

Teleoconch of 7 to 8 whorls, smooth posterior to keel 
except for one very strong cord first appearing on first 
teleoconch whorl, set close to keel and bearing well- 
developed flat spikes similar to those of keel; strength 
of cord and position close to keel give shoulder periph¬ 
ery double-keeled appearance. Anterior whorl slope 
usually with one prominent spinosc cord (rarely two), first 
appearing on second teleoconch whorl, situated midway 
between keel and anterior carina and on spire whorls visi¬ 
ble immediately posterior to suture. Anterior carina situ¬ 
ated at anterior third of slope, bearing fine imbricating 
scales. 

Aperture subcircular; columella covered with promi¬ 
nent curved plate ending posteriorly against suture in 
notch. Outer lip smooth, produced into prominent point 
at position of anterior carina. Anterior canal about half 
length of shell and bearing widely-spaced spinose lirae. 

Shell covered with a thin brown periostracum. Shell 
colour white with spiral sculpture coloured light brown. 
Operculum corneus, ovate with terminal nucleus. 
Measurements: All measurements are in millimetres and 
a standard set of measurements have been taken as fol¬ 
lows: L, total length of specimen; LS length of specimen 
excluding canal; HA height of aperture measured parallel 
to the axis of the shell; W, width of the final whorl from 
edge to edge of the keel and not including projections 
such as spines or flanges. 

Holotype F53049 L 95 LS 44 HA 13 W 23 

Paratype F53054 64 30 8 17 

Paratype Cl50611 70 48 9 19 

Location of Types: Museum of Victoria —Natural His¬ 
tory, Holotype NMV F53049, Paratype F53054 presented 
by Mrs M. Hagerty. Australian Museum Paratype 
C150611, presented by V. Vandenberg. 

Type Locality: NE of Townsville, 218-230 m, 17.57°- 
18.98°S, 146.82°-148.61°E. 



Fig. 2 — Coluzea bimurata sp. nov., AM Cl52079, x28. 

Distribution: East of Rockingham to east of Babinda 
North Queensland, 218-503 m. 

Material: Museum of Victoria. E of Rockingham, Qld 
302-308 m, 18°00'S, 147°0FE-17°57 , S 146°58'E, Soela 
9 January, 1986. 264 m, 18°00'S 147° 03'E-17°56'$ 
147°00'E, Soela, 10 January, 1986. 220 m 18°00'$ 
147°02'E-17°57'S 146°59'E, Soela , 9 January 
1986. 220-218 m, 17°59'S 147° 05'E-17°57'S 147°03'E 
Soela , 11 January, 1986. James Cook University y Ma¬ 
rine Biology. No. 491, Cidaris I Stn 46-3, 16 May 1986 
295-309 m, 17°55.38'S 147°00.96'E, east of Tully, Qld 
No. 762, Cidaris 1 Stn 47-2, 16 May 1986, 503-497 m 
17°51.76'S 147°07.95'E, east of Mission Beach, Qld. No 
895, Cidaris I Stn 42-3, 15 May 1986, 298-301 m 
17°37.7'S 146°50.2 f E, east of Double Point, Qld. No. 693 
No. 812, Cidaris 1 Stn 42-2, 15 May 1986, 303-296 m 
17°21.77'S 146°48.52'E, east of Babinda, Qld. 
Remarks: This species is closest to Columbarium hard 
sae Harasewych described from the area east of Lad>, 
Musgrave Island, central Queensland. C. hystriculum ha* 
a similar protoconch and is only slightly smaller in size 
However, the spiral sculpture bears prominent spike* 
rather than scales. The most obvious difference is the pos- 
session of a double spinose keel, which also distinguishe* 
it from other species in the genus. 

Species of Columbarium usually have a first pro 
toconch whorl which is smooth, globose and deviated per 
pendicular to the axis of the shell. This kind o| 
protoconch is formed by calcification of a chitinous enve¬ 
lope of similar shape developed in the egg capsule. In th< 
case of C. hystriculum and C. harrisae , calcification oi 
the chitin has not taken place until the second whorl anc 
the chitinous portion has been lost. The point at the be¬ 
ginning of the remaining protoconch represents portior 
of the columella of the original first whorl. Such decidu¬ 
ous protoconchs also occur in other groups, for exam¬ 
ple, in species of Austrotriton (Cymatiidae) anc 


Fig. 3-A-B, Columbarium pagodoides (Watson), AM C150610, xl. C-D, Columbarium spinicinctum (Mar¬ 
tens), AM Cl51999, xl. E-F, Columbarium hystriculum sp. nov., paratype, NMV F53054, x 1. G-H, Colum¬ 
barium pagodoides (Watson), AM Cl 16108, xl. I-J, Columbarium harrisae (Harasewych), AM C132220, 
xl. K-L, Columbarium hystriculum sp. nov., holotype, NMV F53049, xl. 
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Spinome/on (Volutidae). 

The material collected on Soela consists of 9 live-taken 
specimens now preserved in alcohol. Unfortunately, none 
are suitable for selection as types owing to partial disso¬ 
lution of the early whorls in formalin used to fix them. 


Columbarium pagodoides (Watson, 1882) 

Figs 3 A-B, G-H 

Fusus (Colus) pagodoides Watson 1882 p. 383. 
Columbarium pagodoides (Watson); Darragh 1969, p. 81, 
pi. 4, fig. 74, 76; fig. 19. 

Remarks: In 1969, only the original Challenger specimens 
were known to the writer. Since then, extensive trawling 
by the New South Wales State Fisheries Research Vessel 
Kapala has yielded many specimens from the east coast 
of New South Wales and other dredging further north 
has extended the range into North Queensland. T. Mor- 
tenson, on the Danish Kei Island Expedition (1922), also 
collected specimens in the northern Arafura Sea. 

The additional material reveals that the spiral sculp¬ 
ture of the species is somewhat variable. Queensland 
specimens can have fine spiral threads between the keel 
and the anterior carina and between the carina and the 
canal. 

The two specimens from the Kei Islands have well¬ 
spaced fine lirae anterior and posterior to the anterior 
carina. Queensland specimens are intermediate between 
these and the central New South Wales specimens which 
can be, but not always, devoid of any spiral sculpture 
on the anterior whorl slope of the body whorl apart from 
the anterior carina. 

Distribution: This species occurs on the continental shelf 
and slope in depths ranging from 250 to 969 m, but seems 
to be more common on the slope in depths over 400 m. 
The southernmost occurrence known is east of Batemans 
Bay, southern New South Wales. There is a good series 
of records as far north as east of the Gold Coast, south 
Queensland. There are several records between Tully and 
Cairns, north Queensland and two records in the Kei Is¬ 
lands. This range overlaps considerably that of C. hed- 
leyi , but C. pagodoides tends to occur further offshore 
in deeper water of the continental slope. 

Material Examined: Australian Museum. Cl05420 E of 
Brushy Is. N.S.W., 549 m, 35°44-40'S 150° 38-41'E, 
Kapala , 24 Nov. 1976. Southeast of Ulladulla, N.S.W., 
440 m, 35°29-25'S 150°47-50'E, Kapala , 16 Dec. 1975. 
Off Nowra, N.S.W., 814 m, 34°50'S 151 ° 15'E, Kapala , 
12 Dec. 1975. 000855, 32 km east of Kiama, N.S.W., 
503 m, 34° 36-45'S 151°16-13'E, Kapala 21 Aug. 1975. 
C79192, E of Broken Bay N.S.W., 550 m, 33°34'S 
152°03'E, Kapala , 21 April 1971. 020411, off Port 
Stephens, N.S.W., 550 m, 32°50'52'S 152°42-4FE, 
Kapala , 6 Dec. 1978. C79200, off Newcastle, N.S.W., 
340-550 m, 32°46\ 33°15'S-152° 16', 152°46'S, Kapala, 5-’ 
12 May, 1971. ENE o i Clarence River, N.S.W.,457 m, 
29°26'S 153°49'E-29°20'S, 153°36'E, Kapala , 12 Oct. 
1975. 001614 NE of North Solitary Is. N.S.W., 503 m, 
29°52'S 153°45'E-29°46'S, 153°45'E, Kapala , 10 Oct. 


1975. 016121, off Tweed Heads, N.S.W., 412 m, 
28°06'S 153°58'E, Kapala , 12 June, 1978. 0 15265, SE 
of Coolangatta, Qld, 412 m, 28°03 , S, 153°58'E, Kapala , 
17 Aug. 1978. Cl 16108, E of Gold Coast, Qld, 550 m, 
28°02'-27°59'S, 153°59'E, Kapala, 2 June, 1978. 050610.1 
off Cairns, Qld, 668-613 m, 17°10'S 146°42'E, Kapala., 
13 Oct. 1981. James Cook University, Marine Biology. 
No. 521, Cidaris 1 Stn 1-3, 6 May 1986, 956-969 m. I 
18°7.87'S 147°35.7'E, north east of Myrmidon Reef. No. 
899, Cidaris l Stn 50-3, 17 May 1986, 918-891 m, 
18°01.69'S 147°20.53'E, northeast of Pith Reef. No. 900. 
902, Cidaris l Stn 47-2 , 16 May 1986, 503-497 m. 
17°51.76'S 147°7.95'E, east of Tully, Qld. No. 639./ 
Cidaris 1 Stn 49-3, 17 May 1986, 920-881 m, 17°51.71Si 
147 09.93'E, east of Tully, Qld. No. 622, Cidaris I Stn, 
48-2, 17 May 1986, 703 m, 17°50.67'S 147°18.16'E, east' 
of Tully, Qld. No. 740, Cidaris 1 Stn 43-2, 15 May 1986. 
458-500 m, 17°34.58'S 147°53.2FE, east of Innisfail, Qld. 
Zoological Museum, Copenhagen. Station 28, Danish 
Expedition to Kei Islands, 17 April 1922, 400 m, between) 
Kei-Doelah and Kei Besar. Station 56, Danish Expedi-1 
tion to Kei Islands, 10 May 1922, T. Mortenson, 345 m.. 
off West coast of Kei Besar, 5°30'20"S 132°51'E. 

Columbarium spinicinctum (Martens, 1881) 

Figs 3 C-D, 4 K, M 

Pleurotoma (Columbarium) spinicincta Martens 1881, p- 
105, pi. 21, figs 1-3. 

Columbarium spinicinctum (Martens); Darragh 1969, p- 
84, pi. 2, fig. 22-23; pi. 4, fig. 59, 63, 66, 68; fig. 15. 
Remarks: In 1969 this species had only been collected[ 
in the vicinity of the type locality off Cape Morton, 
Queensland. Dredging on FRV Kapala, Cidaris 1 and| 
HMAS Kimbla has extended the known range consider¬ 
ably to the north and south. The southern part of its range \ 
overlaps that of C. pagodoides , but C. spinicinctum oc i 
curs closer inshore on the shelf in shallower water than 
the former. 

Distribution: East of Nambucca Heads, northern New 
South Wales to east of Babinda, north Queensland, 115' 
300 m. 

Material Examined: Australian Museum. Cl 16339, NE 
of Smoky Cape, N.S.W., 134-152 m, 30°43-40'S 153°16 j 
17'E, Kapala , 1978. Cl 16428, E of North Solitary Island, 1 
N.S.W., 143 m, 29°47-50'S 153°39-38'E, Kapala , 1 Aug I 
1978. C120391, E of Brunswick Heads, N.S.W., 119m, 
28°25-29'S 153°48-49'E, Kapala , 3 June, 1978. Cl 16115. 

E of Tweed Heads, N.S.W., 146 m, 28°16-12'S 153°50- 
5FE, Kapala , 2 June, 1978. East of Tweed Heads 
N.S.W., 152-155 m, 28°12-19'S \53 0 5VE, Kapala , 3 June. 
1978. Cl 17808, off Point Danger, N.S.W., 134 m, 28°13- 
18'S 153°50 / E, Kapala, 6 Nov. 1978. Cl 15240, E of Tweedj 
Heads, N.S.W., 146 m, 28° 14-1FS 153°50'E, Kapala, $ . 
Aug. 1978. Cl 14343, E of Point Danger, N.S.W., 172 
m, 29°12-14'S 153°50-5FE, Kapala , 17 Aug. 1978. Of' 
S. end of Fraser Is., Qld, 201 m, 25°57-8'S 153 ° 5 l'H. 
Kimbla , 10 Nov. 1978. Off S. end of Fraser Is., Qld, 210- 
219 m, 25°59'S 153°51'E, Kimbla, 10 Nov. 1976 
Cl51998, E of Lady Elliot Is., Qld, 220-230 m, 24°075 
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152°53'E, Kimbla , 7 July 1984. Cl51999, E of Lady Mus- 
grave Is., Qld, 296 m, 23°53-52'S 152°43-42'E, Kimbla , 
7 July 1984. Cl52009, c. 25 miles E of Lady Musgrave 
Is., Qld, 348-357 m, 23°44'S 152°49'E, Kimbla , 17 Nov. 
1977 . Cl52002, NE of Lady Musgrave Is., Qld, 365 m, 
23°39'S 152°46'E, Kimbla , 14 Dec. 1977. C152004, E of 
North West Is., Qld, 320 m, 23°20'S 152°35'E, Kimbla , 
14 Dec. 1977. C152008, Capricorn Channel, Qld, 155 m, 
23°09'S 152° 17'E, Kimbla , 14 Dec. 1977. James Cook 
]University , Marine Biology. No. 509, Cidaris 1 Stn 46- 
2 16 May 1986, 287-300 m, 17°52.06 , S 147°02.48'S, east 
ofTuIIy, Qld. No. 692, Cidaris 1 Stn 42-2, 15 May 1986, 
303-296 m, 17°21.77'S 146°48.52'E, east of Babinda, Qld. 

Coliimbarium harrisae Harasewych, 1983 
Figs 3 I-J 

Columbarium harrisae Harasewych 1983a, p. 29 (Figs 1-4. 

remarks: This species was originally recorded from 275 
metres, east of Lady Musgrave Island, Queensland. 
Numerous specimens have been dredged by trawlers from 
the same area and also from east of Lady Elliot Island 
in 220 metres, but no specimens have yet been collected 
by any scientific research vessel working in this or any 
other area. 


Columbarium hcdleyi Iredale, 1936 
Figs 4 A-B 


Columbarium hedleyi Iredale 1936, p. 316, pi. 24, fig. 
18, 18a. 

Columbarium trabeatum Iredale 1936, p. 316, pi. 23, fig. 


Columbarium hedleyi Iredale; Darragh 1969, p. 81, pi. 
4, fig. 65, 69-72, 78; fig. 8. 

remarks: In 1969 this species had only been collected 
from east of Twofold Bay as far north as east of Broken 
Bay, New South Wales. Trawling by FRV Kapala has ex¬ 
tended this range to northern New South Wales and trawl¬ 
ing by RV Cidaris 1 has produced a series of specimens 
from off north Queensland between east of Mission Beach 
and Innisfail; a considerable extension of the range of 
the species to the north. There are no records between 
those of northern Queensland and northern New South 
Wales. However, this is probably a reflection of inade¬ 
quate sampling rather than evidence for a disjunct range. 
The eleven north Queensland specimens are somewhat 
smaller (28-31 mm) than those from New South Wales 
(39-75 mm), but otherwise are similar in protoconch and 
shell shape and sculpture. 

The northern part of the range of C. hedleyi over¬ 
laps that of C. spinicinctum , but the former seems to be 
in deeper water than the latter. 

Distribution: Southeast of Gabo Island, Victoria to east 
of Innisfail, north Queensland, 157-640 m (most com¬ 
mon under 400 m). 

Material Examined: Museum of Victoria. 501/85 Soda 
Stn 45, 4 February 1985, 458 m, 37° 41.5'S 150° 14'E to 
37° 45.l'S 150°15.2'E, 55 km E of Gabo Is., Vic. Aus¬ 
tralian Museum. Cl 10743, SE of Gabo Is., Vic. 640 m. 


37°43-40'S 150°17'E, Kapala , 30 Nov. 1977. Cl 10742, SE 
of Gabo Is., Vic. 457 m, 37°43-45'S 150°14-15'E, Kapala, 
29 Nov. 1977. Cl 10712, SE of Eden, N.S.W., 330 m, 
37° 15-13'S 150°21'E, Kapala , 12 Oct. 1977. C102820, E 
of Bermagui, N.S.W., 354-383 m, 36°27-21'S 150°19- 
2LE, Kapala , 22 July 1975. C105417 E of Brush Is., 
N.S.W., 439 m, 35°31.36'S 150°46-43'E, Kapala , 24 Nov. 
1976. C123347, off Sydney, N.S.W., 450-457 m, 33°42- 
39'S 151 °51-53'E, Kapala , 5 Dec. 1979. C125569, E of 
Cape 3 Points, N.S.W., 457-476 m, 33°28-29'S 151°52'E, 
Kapala , 5 Dec. 1979. Cl 17820, off Port Stephens, 
N.S.W., 274 m, 32°50-49'S 152°41-42\ Kapala, 6 Dec. 
1978. C73915, E of Port Macquarie, N.S.W., 292-310 m, 
31 ° 18'S 153°19'E, BMR, Sept. 1969. N.E. of Woolgoolga, 
N.S.W., 165 m, 29°44-50'S 153°41-49 , E, Kapala, 11 Oct. 
1978. James Cook University , Marine Biology. No. 767, 
903, 907, Cidaris 1 Stn 47-2, 16 May 1986, 503-497 m, 
17°51.76'S 147°07.95'E, east of Mission Beach, Qld. No. 
741, Cidaris 1 Stn 43-2, 15 May 1986, 458-500 m, 
17°34.58'S 146°53.21'E, east of Innisfail, Qld. 

Genus Coluzea Finlay, 1926 

Coluzea Finlay in Allan 1926, p. 304. 

Coluzea Finlay; Darragh 1969, p. 104. 

Coluzea Allan; Harasewych 1986, p. 158. 

Harasewich (1986) has pointed out that Coluzea and 
Fulgurofusus are close to one another both in shell and 
radular morphology and the material reported here cer¬ 
tainly adds weight to the possibility that the two may be 
synonyms. However, the author follows Harasewych 
(1986) in retaining Coluzea until such time as a compre¬ 
hensive revision, based on anatomical data, can be 
undertaken. 

The genus is known to occur in the Indian Ocean off 
the south and east coasts of Africa, off north west Aus¬ 
tralia, off Thailand and in the Makassan Strait, in the 
Western Pacific Ocean off the north east coast of Aus¬ 
tralia, off New Caledonia and off New Zealand (Darragh 
1969, Harasewych 1986). 


Coluzea icarus Harasewych, 1986 
Figs 4 G-H 

Coluzea icarus Harasewych 1986, p. 163, pi. 2, fig. 1-2; 
pi. 3, fig. 2. 

Remarks: This species was originally described from the 
upper continental slope of Western Australia. Two ad¬ 
ditional records from that area are added here, as well 
as one record extending the distribution easterly to north 
Queensland. The single Queensland specimen closely 
resembles the Western Australian specimens, but the 
spiral threads are a little coarser and spiral threads are 
present on the posterior whorl slope of the body whorl, 
whereas these are only present on the earlier spire whorls 
of the Western Australian specimens. Such variations of 
sculptural development are to be expected and these 
differences are not considered to be of significance. 
Distribution: Northwest of Port Hedland, Western Aus- 
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tralia to west of Cape Bougainville, Western Australia; 
off Raine Island, Queensland. 420-592 m. 

Material Examined: Western Australian Museum. 
WAM 927-85, 285 km northwest of Port Hedland, W.A. 
WAM 1611-84, northwest of Beagle Bay, W.A. Aus¬ 
tralian Museum . C152011, 200 km, NNW of Dampier, 
northwest Australia, 450 m, 18°53'S 116°10'E, Soela, 30 
Jan 1984. 0 43134, SW of Scott Reef, northwest Aus¬ 
tralia, 500 m, 14°39'S 121°29'E, Soela , 11 Feb. 1984. 
0 30391, 3-8 km, ENE of Raine Island, Qld, 420 m, 
11°35'S 144°04'E Station INQ 79-32, 12 Feb. 1979. 

: Coluzea bimurata sp. nov. 

Figs 2, 4 C-D, F, J, L-P 

Description: Shell fusiform, elongate, narrow, of small 
size (to 37 mm) generally with canaliculate suture and with 
prominent serrate keel; body whorl with 10-19 sharp keel 
spikes. Protoconch of two whorls; first whorl glassy, 
smooth, deviated at right angles to axis of shell; second 
whorl with weak keel and merging gradually with 
teleoconch whorls; keel at first nodulate then serrate as 
keel increases in strength on subsequent whorls. 

Teleoconch of 8 to 9 whorls; axial sculpture of very 
weak folds, close to keel, corresponding to keel serrae, 
obsolete on adult whorls, spiral sculpture on posterior 
whorl slope beginning on second teleoconch whorl, con¬ 
sisting of 2 or 3 well-spaced lirae; posterior lira situated 
at posterior third, usually increasing in strength into erect 
flange, forming anterior wall of deep sutural channel. 
Channel usually with 2 or 3 weak spiral threads on body 
whorl. On some specimens flange sculptured with 2 or 
3 spiral threads. Anterior to channel flange, usually 
another weaker flange and one fine to coarse lira close 
to keel. Anterior whorl slope of spire whorls with 1 to 
3 lirae of varying strength, usually one matching in 
strength its pair immediately posterior to keel. Anterior 
whorl slope of final whorl regularly convex with 5 to 6 
well-developed lirae with interspaces of about same width 
as lirae. Fine threads inserted between lirae on some speci¬ 
mens. Lirae continuing on to canal and decreasing in 
strength anteriorly. 

Aperture ovate, inner lip smooth, covered with thin 
glaze. Canal long, straight, about one third length of shell. 
Shell covered with straw coloured periostracum. Opercu¬ 
lum corneus with terminal nucleus. 


Measurements: 


Holotype Cl52007b 

L 34 

LS 19 

HA 5 

W 9.0 

Paratype Cl52007a 

37 

21 

ca 5 

9.0 

Paratype Cl52000 

25 

16 

4.5 

7.0 

JCU 508 

22 

13 

3 

6.5 


Location of Types: Australian Museum, Sydney. Holo¬ 
type and Paratype Cl52007, collected W. F. Ponder, I. 
Loch and P. Terrill, 14 Dec. 1977 on HMAS Kimbla. 
Paratype C152000, collected P. H. Colman, 7 July, 1984. 


Type Locality: Capricorn Channel, Queensland, 155 m, 
23°08.6'S 152°16.6'E Kimbla Station 21. 

Distribution: North of Fraser Island, Queensland to 
Swain Reefs, 155-365 m. 

Material Examined: Australian Museum. Cl52003, 32 
km N of Fraser Is., Qld, 229-192 m, 24°22.5'S 153°17.1'E, 
Kimbla Stn 25, 15 Dec. 1977. C152000, E of Lady Mus- 
grave Is., Qld, 296 m, 23°52.5-51.9'S 152°42.7-41.7 , E, 
Kimbla Sin 15, 7 July 1984. C152001, NE of Lady Mus- 
grave Is., Qld, 365 m, 23°38.8'S 152°45.5 , E, Kimbla Stn 
24, 14 Dec. 1977. C162005. E of North West Is., Qld, 
320 m, 23°19.5'S 152°35.4'E, Kimbla Stn 23, 14 Dec. 
1977. Cl52006, E of North West Is., Qld, 284 m, 
23° 15.2'S 152°24.1'E, Kimbla Stn 22, 14 Dec. 1977. 
C15&007, Capricorn Channel, Qld, 155 m, 23°08.6'S 
152°16.6'E, Kimbla Stn 21, 14 Dec. 1977. C152078-79, 
SE of Swain Reefs, Qld. 187 m, 22°26.27-20.2'S 
153°17.13-6'E, Kimbla Stn 7, 5 July, 1984. James Cook 
University Marine Biology. No. 508, Cidaris I Stn 46-2, 
16 May 1986, 287-300 m, 17°52.06'S 147°02.48'E, east of 
Tully, Qld. No. 694, Cidaris 1 Stn 42-2, 15 May 1986, 303- 
296 m, 17°21.77'S 147°02.48'E, east of Babinda, Qld. 
Remarks: In general shape this species is somewhat simi¬ 
lar to C. dentata (Hutton), but the axial sculpture is less 
prominent and is separated most obviously by the chan¬ 
nelled suture bounded by the prominent flanges on the 
posterior whorl slope, a feature which also separates it 
from all living species. The north Queensland specimens 
have a sculptural pattern similar to the central Queens¬ 
land specimens, but the lirae on the posterior whorl slope 
are not so obviously produced into flanges as on the lat¬ 
ter and, therefore, the suture is only very weakly, if at all, 
canaliculate. 

Coluzea pinicola sp. nov. 

Figs 4 E-l 

Description: Shell lanceolate, very elongate, small (21 
mm) with canaliculate suture and tuberculate keel; body 
whorl with 12 tubercles. Protoconch of about 1 Vi smooth 
whorls, first whorl globose, deviated at right angles to 
axis of shell, second whorl with weak keel developed and 
merging into teleoconch whorls, keel tuberculate and 
rapidly increasing in strength. 

Teieoconch of six whorls with prominent keel situ¬ 
ated at anterior two-thirds of spire whorl. Axial sculp¬ 
ture of weak folds, strongest closest to keel, tuberculate 
on keel and where crossed by spiral sculpture. Spiral 
sculpture on posterior whorl slope initially of 4 lirae in¬ 
creasing to 6 by insertion of finer threads between lirae, 
posterior lira strongest and well separated from suture 
forming channelled suture. Anterior whorl slope of spire 
with 3 widely-spaced lirae, central lira strongest, some¬ 
what tuberculate on axial sculpture. Body whorl with 8- 
10 lirae alternatively weak and strong. 


Fig. 4-A-B, Columbarium hedleyi Iredalc. JCU907, x2.7. C-D, Coluzea bimurata sp. nov. paratype, 
AM Cl52000, x3. E, I, Coluzea pinicola sp. nov., holotype, AM C82163, x3. F, J, Coluzea bimurata 
sp. nov., paratype, AM C152007a, x2. G-H, Coluzea icarus Harasewych, AM Cl30391, x 1. K, M, Colum¬ 
barium spinicinctum (Martens), JCU692, x 2.3. L, N, Coluzea bimurata sp. nov., holotype, AM C152007b, 
x2. O-P, Coluzea bimurata sp. nov., JCU508, x3.5. 
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Aperture ovate, inner lip smooth, covered with thin 
glaze. Canal long, straight, about one-third length of 
shell, bearing close set, fine lirae somewhat weaker in 
strength than those of body whorl. 

Measurements: Holotype C82163 L 21 LS 13.5 HA 3.5 
W 15. 

Location of Type: Australian Museum, Sydney, Holo- 
typc C82163, collected P. Colman on Kimbla , 8 May, 
1971. 

Type Locality: South of lie des Pines, New Caledonia, 
370 m, 22°52'S 167°35.5 / E, Kimbla Stn K4-71-2. 
Distribution: South of New Caledonia, off the Isle of 
Pines, 275-370 m. 

Material Examined: Holotype; C152010, 6.4 km S of 
He des Pines, New Caledonia, 275 m, 22°50'S 167°34'E 
8 May 1971, Kimbla Stn K4-71-3. 

Remarks: In general shape and appearance this species 
is very close to the New Zealand Miocene fossil species 
C. dentata (Hutton) and C. paucispinosa Finlay. 
However, the whorls are more rounded, it has more lirae! 
more numerous tubercles on the keel, the radial sculp¬ 
ture is not as prominent and the suture is channelled. In 
possessing a channelled suture the new species has some 
resemblance to C. bimurata sp. nov., but it has flattened 
tubercles rather than spikes on the keel and has radial 
sculpture, which is entirely lacking on C. bimurata. 
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IMMATURE STAGES OF PLECTROTARSUS GRA VENHORSTI 
KOLENATI (TRICHOPTERA: PLECTROTARSIDAE) AND COM¬ 
MENTS ON LIKELY FAMILY RELATIONSHIPS 

By Arturs Neboiss 


Department of Entomology, Museum of Victoria, 71 Victoria Crescent, Abbotsford, Victoria 3067, Australia. 

Abstract: The larva, pupa and aspects of the biology of Plectrotarsus gravenhorsti Kolenati are described 
and the identity of the type specimen, an adult male, is ascertained. The larvae inhabit shallow, vegeta¬ 
tion rich lakes, backwaters of small streams and swamplands in southeastern Australia and Tasmania. 

Comparison of characters between several families supports a revision of trichopteran phylogeny to 
place Plectrotarsidae close to Oeconesidac and Lepidostomatidae, and to reinstate the family Kokiriidae. 


The endemic Australian family Plectrotarsidae sensu 
Mosely contains five species in three genera. It has for 
many years been considerd an enigmatic family, mainly 
due to the unusual mouth parts of the adult and the elu¬ 
sive nature of immatures. Wiggins (1981) argues that lar¬ 
vae are informative in reconstruction of phylogenies and 
the lack of described larvae for Plectrotarsidae has been 
a problem. The first instar larvae were known to Riek 
(1970) although they remained undescribed. Only recently 
have fully-developed larvae been associated with a pupa 
and adult with certainty. 

The larva (Figs 9-12) shows close similarities to two 
oeconesids, the New Zealand Oeconesus maori McLach- 
lan and Tasmanian Tascuna ignota Neboiss (Figs 13-15), 
but is greatly dissimilar from the larvae of the Australian 
and New Zealand Kokiriidae. The pupa of P. gravenhor¬ 
sti closely resembles O. maori and some Sumatran and 
Javanese Lepidostomatidae (Goerodes sp.) in characters 
on the terminal region of the abdomen, although their 
hook plates are substantially different. 

These considerations necessitated re-examination of 
adults of P. gravenhorsti , but tracing the type specimen 
proved rather difficult. The species was described by 
Kolenati in 1848, with Western Australia given as its lo¬ 
cality (“Habitat in Australia occidentali”, Kolenati 1848, 

94). This species, however, is known to be restricted 
to southeastern Australia and Tasmania. The only West 
Australian species, Plectrotarsus minor Mosely, is dis¬ 
tinct and could not be confused with P. gravenhorsti . 

The type specimen of P. gravenhorsti is in the 
Naturhistorisches Museum, Vienna, bears a handwritten 
locality label “SW Australia” and an identification label 
“gravenhorstii det. Brauer” where the words “det. Brauer” 
are printed (Fig. 1). It has not been possible to establish 
the origin of this specimen or to explain why it was 
labelled as coming from southwestern Australia. 

In his 1848 publication, Kolenati described material 
from various sources, including specimens received from 
Gravenhorst. Presumably the type specimen was amongst 
these and hence the derivation of the name. The single 
specimen of P. gravenhorsti , on which Kolenati based the 
description, appears to have remained in his possession 
until the collection was passed on to the Naturhistorisches 
Museum, Vienna, probably after his death in 1864. 


A definite reference to this specimen as the type ap¬ 
pears in a publication by Ulmer (1904) with the follow¬ 
ing remark on page 58 “. . . Herr J. Bischof (K. K. 
Naturhistorisches Hofmuscum in Wien) die Freundlich- 
keit gehabt, mir nach der Type Kolenatis zwei Abbildun- 
gen des Kopfes anzufertigen . . .” (Mr. J. Bischof very 
kindly prepared two figures of the head from Kolenati s 
type). The figures illustrate the lateral and ventral views 
of the head and are here reproduced (Figs 2, 3). The speci¬ 
men agrees in every detail with the figures and leaves no 
doubt of its identity. Accordingly, a holotype label is now 
attached to this specimen. 

In recent phylogenetic analyses of the order 1 richop- 
tera, Weaver (1984) and Weaver and Morse (1986) re¬ 
moved Plectrotarsidae from Ross’s (1967) “Iimnephilid 
branch”. Ross had grouped Plectrotarsidae together with 
Lepidostomatidae, Limnephilidae, Goeridae and others, 
whereas Weaver and Morse assigned it to a cluster as a 
sister group of the Philorheithridae under the superfamily 
Leptoceroidea, infra-order Brevitentoria, characterised 
by atrophication of dorsal tentorial branch in adults. 
Kokiriidae was regarded as a junior synonym of Plec¬ 
trotarsidae by Weaver (1984) although no justification 
was given for the change. Detailed examination of the 
adult head shows the tentorium in Plectrotarsus graven¬ 
horsti is complete (Fig. 5), whereas in Kokiriidae the dor¬ 
sal branch is incomplete (Fig. 6). The family Oeconesidae 
was placed together with Limnephilidae, Lepidostomat¬ 
idae and others under the superfamily Limnephiloidea, 
infra-order Plenitcntoria. This infra-order is charactcr- 
ied by larvae with prosternal horn, and adults with ten¬ 
torium complete. Difficulties in this arrangement arise 
from the fact that larvae of several oeconesids-the New 
Zealand Zelandopsyche ingens Tillyard (Cowley 1978) 
and the Tasmanian Tascuna ignota —do not have the 
prosternal horn. 

The complete tentorium in adults, together with size 
and position of notal sclerites, prosternal horn in larvae 
and short anal processes in pupae, places Plectrotarsidae 
in Weaver and Morse’s (1986) dendrogram with Lim¬ 
nephilidae and Lepidostomatidae rather than besides 
Philorheithridae. 

The curved pupal mandibles, presence of anterior 
hook plates on segments 2 and 8, and coiled labrum, 
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clearly separate Plectrotarsus from all other families. The 
synonymy with Kokiriidae, as proposed by Weaver 
(1984), is rejected on the basis of differences between the 
development of tentorium, as well as structural differ¬ 
ences in larval and pupal morphology as described by 
Cowley (1976, 1978). Of the Kokiriidae, Ross (1967) com¬ 
mented . . the entire set of mouth parts similar to but 
part by part apparently not homologous with the mouth 
parts of the Plectrotarsidae”. Comparisons show the only 
visible difference is the presence of rudimentary mandi¬ 
bles (Fig. 4) in Plectrotarsidae, which apparently are ab¬ 
sent in Kokiriidae. 

Extended mouth parts are known outside these two 
families (Crichton 1957), but their function has not been 
fully examined and compared. Adults of Plectrotarsidae 
are frequently collected on flowering shrubs such as Lep- 
tospermum sp. and Melaleuca sp. and although they have 
not been observed feeding upon the flowers, such mouth 
parts could be adapted for nectar feeding. New figures 
of the adult head arc given (Figs 4, 5) to highlight un¬ 
usual features and for comparison the lateral aspects of 
kokiriid (Fig. 6), oeconesid (Fig. 7) and lepidostomatid 
(Fig. 8) heads showing the position and shape of tentorial 
branches. Copulation takes place during daytime when 
pairs, with heads in opposing directions (Fig. 29), are seen 
sitting on vertical stems of sedges (Cypraceae) and grasses. 
The larvae inhabit shallow, vegetation-rich lakes, back¬ 
waters of small streams and swamplands. They are detri- 
vores, feeding on pieces of decomposing vascular plant 
tissue, as confirmed by microscopic examination of in¬ 
gested gut contents. 

descriptions 

Larva: (Figs 9-12, 16-22). Length up to 15 mm (mature 
larva). Head only slightly longer than wide, sides evenly 
rounded (Fig. 9); colour light reddish brown, muscle scars 
small, numerous, rather inconspicuous; pale, more or less 
distinct band on each side extends from eye to posterior 
of head; pale elongate spots occur near the constriction 
of frontoclypeal apotome and on either side of the be¬ 
ginning of coronal suture; antennae small, midway be¬ 
tween eye and anterolateral margin of head capsule; setal 
positions as illustrated; anterior margin of frontoclypeal 
apotome straight. Labrum incised mesally, three very 
small setae on each side close to anterior margin. Man¬ 
dibles short, robust, cutting edge with short, irregular 
teeth, without mesal brush of hairs. Ventral apotome (Fig. 
10) short and broad, lateral margins distinctly convex, 
completely separating genae. 

Pronotum strongly sclerotised, short, with transverse 
elliptic bulge on each side, almost meeting mesally (Fig. 
12); similar in shape to pronotum of Tasmanian (Fig. 13) 



Fig. 29 - Plectrotarsus gravenhorsti mating pair; upper 
specimen —male, lower specimen —female. Photo: A. Neboiss. 


and New Zealand oeconesid larvae; colour in live speci¬ 
mens dark, blackish brown fading to reddish brown in 
preserved material, posterior margin dark brown, setae 
along anterior margin only; prosternum, including 
prosternal horn, membranous, pale. Meso- and metanota 
each with three pairs of small, slightly sclerotized plates 
at setal areas 1, 2 and 3. 

Forelegs rather short (Fig. 20) trochanter and femur 
with row of short, pale setae, tibia with apical spur. Mid- 
and hind legs (Figs 21, 22) more elongate with numerous 
setae; claws all similar, slender, curved, each with a strong 
basal spine. 

Abdomen pale cream or yellowish, gills present on seg¬ 
ments 1-7 (occasionally to 6), consisting of single, dou¬ 
ble or triple filaments arranged as in Fig. 30. Lateral line 
of short, fine filaments on segments 2 to 8, bifid processes 
on segment 8 absent. Abdominal segment 1 with dorsal 
and lateral spacing humps, each lateral hump with a pair 
of small bristles and sometimes with a minute circular 
sclerite; sternum with three pairs of fine bristles; tergite 


Figs 1-15-1-5 — Plectrotarsus gravenhorsti: 1, type specimen labels; 2, type specimen head lateral, after 
Ulmer (1904); 3, type specimen head ventral, after Ulmer (1904); 4, head ventral, cleared specimen, md- 
mandible, lb— labrum; 5, head lateral, showing position of tentorium; 6, Taskiria oust era, Kokiriidae, 
head lateral. 7, Tascuna ignota , Oeconesidae, head lateral. 8, Goerodes sp. Lepidostomatidac, head lateral, 
(loc. Sulawesi). 9-12, Plectrotarsus gravenhorsti larva: 9, head anterior; 10, head posterior and dissected 
mandible; 11, head lateral; 12, thoracic segments dorsal. 13-15, Tascuna ignota larva: 13, head and thoracic 
segments dorsal; 14, head anterior; 15, head posterior. 
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Figs 16-28 -Plectrotarsus gravenhorsti larva and pupa: 16, anal proleg, lateral; 17, larva, lateral; 18, ab¬ 
dominal segment 1, ventral; 19, last abdominal segments, dorsal; 20, foreleg, lateral; 21, midleg, lateral; 
22, hindleg, lateral; 23, pupal chamber, anterior closing membrane; 24, pupal head, ventral; 25, pupal 
head, lateral lb- labrum; 26, pupa, last abdominal segments, lateral; 27, last abdominal segments, dor¬ 
sal; 28, hook plates, with abdominal segment (SG) number and anterior (A) or posterior (P) position 

indication. 
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Fie 30 — Plectrotarsus gravenhorsti , schematic gill diagram of lateral aspect of larval abdomen showing 
h ' segment number and number of filaments in each position. 


8 with two pairs of small and a pair of larger, mesal bris¬ 
tles on posterior margin, dorsal plate on tcrgite 9 present, 
but usually rather indistinct; anal prolegs (Fig. 16) with 
two or three accessory hooks. 

Before pupation the larva enters benthic sediments, 
attaches the anterior end of the case to roots or some 
coarse material and seals both ends of the case internally 
with finely and irregularly perforated membrane (Fig. 23). 
Pupa: (Figs. 24-28). Length (male) to 12 mm; width 2.8 
mm. Mandibles strongly and evenly curved, broad based, 
inner margins finely serrate, a pair of bristles of about 
equal length at the base; mouth parts (Fig. 24) extended, 
adpressed to the body on ventral side; labrum subqua¬ 
drate with 3 pairs of long and one pair of short black 
bristles, anterior margin straight, but inner surface is de¬ 
veloped into a free coil (Fig. 25). It appears that this part 
becomes extended at emergence and remains in front of 
the elongated mouth parts. Antennae stout, extend to ab¬ 
dominal segment 6; a pair of setae situated between the 
eyes and base of mandibles; two pairs on frons between 
eyes and one pair on top of head between antennal bases. 
Legs: Tarsi of meso- and metathoracic legs surrounded 
by rather thin, long scattered hairs; they are not present 

on prothoracic legs. ... 

Abdomen pale creamy-white, abdominal gills single 


or double filaments on segments 3 to 6; lateral pigment 
bars as thin lines on tergites and sternites; lateral fringe 
dense, but restricted to segments 6 to 8 only; anterior 
hook plates each with 3-5 hooks on segments 2 to 8 (Fig. 
28) posterior hook plates on segment 5 only with hooks 
in two irregular rows; segment 1 dorsally with a pair of 
fine setae, dorsomesal section elevated, but not sclero- 
tized; segment 9 with two pairs of rather long dorsal se¬ 
tae; anal process short (Figs 26, 27) with a short preapical, 
dorsally situated horn and three, about equally strong, 
setae at the mesal margin of apical angle; each side with 
four ventro-lateral setae. 

Case: Length to 18 mm, width 5 mm (Fig. 31). Con¬ 
structed of irregular elongate fragments of plant material, 
arranged circumferentially with many loose ends giving 
untidy, shaggy appearance, roughly tubular, cross-section 
circular, only slightly tapered posteriorly, inner lining of 
silk minimal. 

Material Examined: VICTORIA: 2 larvae, Ballan, 9 
Jul. 1954, A. Neboiss; 1 larva, Wilsons Promontory Na¬ 
tional Park, 8 Sept. 1953, G. W. Douglas; 1 pupa, same 
loc. 6 Nov. 1986, A. Neboiss; 28 larvae, same loc. 19 Aug. 
1987, A. Neboiss and K. Walker. TASMANIA: 2 larvae, 
Blackmans Lagoon, 13 Jul. 1973, A. M. Richardson; 1 
larva. Tower Hill Lagoon, 13 Jul. 1973, A. M. Richard- 



Fig. 31 —Plectrotarsus gravenhorsti , larva and case. Photo: Museum of Victoria, Photography Department. 
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son. All specimens in Museum of Victoria. 

Remarks: 12 specimens of similar larvae were taken from 
a trout stomach, caught at Bronte Lagoon, Tasmania, 
28 Aug. 1971, R. B. These specimens differ from Plec- 
trotarsus gravenhorsti by the almost unicolorous dark 
brown head; the pale lateral bands are absent. The lo¬ 
cality is in the Central Province as defined by Neboiss 
(1977) in the main centre of distribution for Plectrotarsus 
tasmanicus Mosely and may well be the larvae of this 
species. 
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ANT COMMUNITIES AT ROTAMAH ISLAND, VICTORIA, 
WITH PARTICULAR REFERENCE TO DISTURBANCE AND 
RHYTIDOPONERA TASMANIENSIS 


By Alan N. Andersen and Maryanne E. McKaige 


Tropical Ecosystems Research Centre, CSIRO Division of Wildlife & Rangelands Research, PMB 44, 

Winnellie NT 5789, Australia 

Abstract: Sixty ant species from 20 genera were recorded on Rotamah island (260 ha) in the Gipps- 
land Lakes. The island has a long history of intensive grazing by sheep and cattle, but since 1975 has 
been incorporated into the Lakes National Park. The most conspicuous ants were Iridomyrmex feet a ns’, 
Camponoius lint rep idus, Rhytidoponera tasmaniensis , Pheidole spp. and, on walking tracks, Iridomyr¬ 
mex 'bicknellV and Melophorus spp. All species except for Rhytidoponera Iconfusa appear to be widespread 
in the region. However, many taxa characteristic of similar habitats elsewhere in southern Victoria are 
absent or poorly represented on the island. Patterns of ant community organisation at relatively undisturbed, 
burnt and heavily-grazed sites conformed to expectations based on hypotheses concerning the responses 
of ant communities to habitat disturbance. In particular, the abundance of R. tasmaniensis was positively 
correlated with level of disturbance, and it is proposed that this ant be considered as a useful bio-indicator 
of disturbance in the region. Its increased abundance following fire appears to be due to its extremely 
flexible foraging ecology, coupled with disturbance-induced reductions in interspecific competition. The 
peculiar reproductive ecology of Rhytidoponera , where mated workers predominate over true queens, may 
also be an important factor. 


Ants in mesic regions of southeastern Australia are 
organised into well-defined communities that vary predic¬ 
tably with habitat, and are therefore potentially valua¬ 
ble bio-indicators for use in environmental assessment 
programs (Andersen 1986b; Greenslade 1985; Greenslade 
& Greenslade 1984; Majer 1983). Ant communities 
throughout most of Australia are dominated by highly 
active and aggressive species of Iridomyrmex (Andersen 
1983a, 1984; Greenslade 1976, 1979; Greenslade & Hal- 
liday 1983), but in mesic southeastern Australia Iridomyr¬ 
mex is at the climatic limit of its zone of dominance, and 
opportunist’ species like Rhytidoponera metallica (F. 
Smith) and its allies are usually abundant (Andersen 
1983b, 1986a, b). Rhytidoponera 'metallica’ is a success¬ 
ful colonist of disturbed habitats throughout its range 
(Greenslade 1979; Yeatman & Greenslade 1980), and in 
southern Victoria this also appears to be true for its close 
relative R. tasmaniensis (Emery) (Crozier et al. 1986). 
Rhytidoponera tasmaniensis is common in most open 
habitats of the region (Andersen 1986a, b), but especially 
in those modified by humans (e.g. disused walking tracks, 
Andersen & Greenslade unpublished data) or fire (An¬ 
dersen in press). It is therefore a good candidate for use 
as a bio-indicator of disturbance in this part of Austra¬ 
lia. An understanding of factors influencing the distri¬ 
bution and abundance of this ant is also important 
because it is a major seed predator (Andersen & Ashton 
1985; Andersen 1987). 

Here we present the results of a survey of ants on 
Rotamah Island in southern Victoria, and focus our at¬ 
tention on the effects of disturbance on ant community 
organisation, and particularly on the abundance of R. 
tasmaniensis. Much of the island has been cleared for 


grazing, and part of the remaining vegetation had beer 
burnt by a wildfire several years ago. We expect that these 
disturbances have led to marked shifts in ant community 
organisation, and especially to substantial increases in 
abundance of R. tasmaniensis. The ants of nearby Wil¬ 
sons Promontory (about 150 km southwest of Rotamah 
Island) have been studied intensively (Andersen 1986a, 
b), so the regional fauna is well known compared to most 
other parts of Australia. 

METHODS 

Rotamah Island is an area of 260 ha just off the 
southeastern coast of Sperm Whale Head in the Gipps- 
land Lakes, approximately 220 km east of Melbourne. 
It has a mild coastal climate, with mean annual rainfall 
of 650 mm evenly distributed throughout the year. The 
soils are predominantly sands. The island was managed 
for grazing by sheep and cattle from the middle of last 
century up to 1975, when it was incorporated into the 
Lakes National Park. In the early 1960s about two-thirds 
of the island was cleared and sown with improved 
pastures. Since 1980 it has been operated as a bird ob¬ 
servatory by the Royal Australian Ornithological Union. 

We visited the island on three occasions: December 
(early summer) 1983; July (mid-winter) 1984; February 
(late summer) 1985. The weather during the December 
and February visits was fine and mild-to-warm (max. 
temps 23°C and 30°C respectively), and during July it 
was cold (max. temp 15°C) with periods of rain. On each 
visit ants were collected opportunist^ throughout the is¬ 
land, and pitfall traps were used to obtain quantitative 
data at three sites. These sites will subsequently be referred 
to as ‘control’, ‘burnt’ and ‘grazed’. 
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The control site was a relatively-undisturbed wood¬ 
land dominated by Eucalyptus botryoides (plant nomen¬ 
clature follows Willis 1970, 1972 throughout) and Banksia 
serrata at heights up to 15 m and 8 m respectively, with 
Mono t oca elliptica, Pteridiurn esculent urn, Lepidosperma 
concavurn and Lomandra longifolia prominent in the un¬ 
derstorey and ground layers. The site had not been burnt 
for at least 20 years (A. Burbidge pers. comm.). The burnt 
site was a shrubland dominated by Acacia longifolia and 
Monotoca elliptica at a height of 3-4 m, and had been 
burnt by a wildfire seven years previously. Understorey 
shrubs and ground layers were similar to those at the con¬ 
trol site. The grazed site was a tussock grassland domi¬ 
nated by Poa australis , Vulpia bromoides and Juncus sp., 
and included patches of regenerating Melaleuca ericifolia . 

Pitfall traps were 3 cm diameter plastic vials, partly 
filled with a 70% ethanol/glycerol mixture as a preser¬ 
vative. Ten traps at 5 m spacing were established at each 
site, arranged in two perpendicular transects. They were 
operated for 48 hrs during each visit. 

We characterised ant community organisation at each 
site following a scheme developed by P. J. M. Greens- 
lade (Table 1) which categorises species according to their 
habitat requirements and their potential interactions with 
Iridomyrmex. The ecological categories have already been 
applied and discussed for the regional fauna (Andersen 
1986a, b). Those of particular interest here are dominant 
Iridomyrmex and associated subordinate species 
(categories 1 and 2) on the one hand, and opportunists 
(category 5) on the other. The abundance of Iridomyr¬ 
mex and associates appears to be a principal factor in¬ 
fluencing the abundance of opportunists in undisturbed 
habitats (Andersen & Greenslade, unpublished data). 
However, the former taxa are adversely affected by dis¬ 
turbance, which we therefore expect to lead to increases 
in abundance of opportunist species, of which 
Rhytidoponera tasmaniensis is the most common in 
southern Victoria. 

Most of the ants collected were undescribed, so we 
assigned unnamed species to a species-group (indicated 
by inverted commas), or gave them a letter code. 

RESULTS AND DISCUSSION 
Faunistic Composition of the Island 

The 60 species from 20 genera that we collected on 
the island are listed in Table 1, where they are arranged 
in Greenslade’s ecological categories. Iridomyrmex was 
by far the richest genus with 17 species recorded, but 
many of these were restricted to areas of human distur¬ 
bance, and only members of the foetans group were com¬ 
mon in relatively-undisturbed habitats. These were among 
the most conspicuous ants in wooded areas during our 
summer visits (they forage predominantly on vegetation, 
and so were under-recorded in pitfall traps) along with 
Camponotus lintrepidus. Nests of Pheidole spp. and Am- 
blyopone australis were very common under logs. 
Iridomyrmex 'bicknelli* and species of the ‘sun-loving’ ge¬ 
nus Melophorus were very active on walking tracks 
throughout the island, but were seldom observed else¬ 


where. Due to the low temperatures there was very littl^ 
ant activity during our winter visit. 

All but one species recorded on the island are als<^ 
found at Wilsons Promontory, or are represented ther^ 
by sibling species (Andersen unpubl. obs.), suggesting th^ 
they are widely distributed in the region. The exception 
is Rhytidoponera Iconfusa , a member of the impress Q 
group that is restricted to coastal eastern Australia (War<j 
1980). Rhytidoponera confusa is common in the eastern 
highlands of Victoria (Ward 1980, Andersen 1983b), bu* 
in this State has not previously been recorded on the coast, 
On Rotamah Island, R. ?confusa occurs predominantly 
in the areas cleared for grazing (see Table 1). This distri ^ 
bution parallels that of its sibling species R. chalybae ^ 
Ward, which is characteristic of the sub-tropical rair*, 
forests of northern New South Wales and souther*-, 
Queensland, but is restricted to human-disturbed habitat 5 
in the south of its range (Ward 1980). 

Many species characteristic of sclerophyllous habitat^ 
in southern Victoria are notable for their absence or low 
abundance on the island. These include Iridomyrme^ 
( nitidiceps\ Notorious hickmani, Chelaner 'kiliani\ Can 
ponotus 'innexus ’, Prolasius ’niger\ and Aphaenogast&, 
longiceps , all of which have wide distributions 
southeastern Australia (Andersen pers. obs.). Species a j 
the nitidiceps group of Iridomyrmex , for example, ar<= 
dominant ants in heaths and woodlands (e.g. Fox & Fo> 
1982) and Aphaenogaster longiceps is conspicuous ai* c 
abundant on sandy soils (e.g. Drake 1981) throughout, 
the coast of this region. Their occurrence on Rotamaj- 
Island might have been affected by past grazing practice^ 
possibly accentuated by the island’s isolation from th< 
mainland. 

Community Organisation and Disturbance 

Patterns of ant community organisation vari^ 
markedly across the three study sites (Fig. 1). At the co*^ 
trol site, Iridomyrmex and Camponotus (categories 1 ar^ 
2) collectively comprised about 30% of all ants, and 0 £> 
portunists 15%. At the burnt site these figures were 10^? 
and 30% respectively, and at the grazed site opportunist 
represented 75% of all ants. These increases in abundant, 
of opportunists passing from control to grazed sites we*-' 
mostly due to R. tasmaniensis , but R. Iconfusa , R. vf c 
toriae and Paratrechina sp. A were also involved (Tab] 
1). The low incidence of cryptic species at the grazed sit, 
(Fig. 1) no doubt reflects the reduction in litter accumti 
lation following clearing and the sowing of improve 
pastures. Generalized myrmicines were abundant at ei] 
sites (Table 1), with the differences in their relative abut* 
dances (Fig. 1) due mostly to differences in the abuti 
dances of other ants. 

Interpretations of the above results are of cours, 
limited by the absence of pre-disturbance data and there 
fore knowledge of original site variation. Nevertheless th« 
trends conform to our expectations of the effects of dis 
turbance on ant community organisation in general, an< 
the abundance of R. tasmaniensis in particular. These ef 
fects are similar to those reported in southwestern Au$ 
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Table 1 

Total Ants Captured in Pitfall Traps at the Control, Burnt and Grazed Sites. 

Ant species collected on the island but not in traps arc also given.* Species are arranged in ecological 
categories according to P. J. M. Greenslade’s scheme of ant community organization in Australia (see 
text for details). Sub-total figures in brackets are numbers of species. 

CONTROL BURNT GRAZED TOTAL 


1. Dominant epigaeic Dolichoderinae 

/. *bicknellV (Emery) sp.A 

A foetans* Clark sp.A 
I 'foetans* sp.B 
A ‘g/aber* (Mayr) sp.A 
A ‘g/aber* sp.B 
A ‘nit id/ceps’ (Andre) 

Sub-totals 

2. Subordinate camponotine Formicinae 

Camponotus lintrepidus (Kirby) 

Sub-totals 

3. Climate specialists 
Melophorus sp.A 
Melophorus sp.B 
Notorious hickmani (Clark) 

Sub-totals 

4a. Cryptic species 

Hypoponera sp. 

Solenopsis sp.A 
Solenopsis sp.B 

b. Sub-cryptic species 

Chelaner flavipes* (Clark) 
lleteroponera Vrnbellis (Emery) 
Iridomyrmex ‘danvinianus* (Forel) sp.A 
A ‘danvinianus’ sp.B 
Plagiolepsis sp. 

Stigmacros ( Campostigmacros ) sp.A 
Tapinorna ‘minuturn* Mayr sp.A 
T. ‘mi nut urn* sp.B 

Sub-totals 

5. Opportunists 
Rhytidoponera Iconfusa Ward 
R. tasrnaniensis (Emery) 

R. victoriae (Andre) 

Par at rechina sp.A 

Sub-totals 

6. Generalised Myrmicinae 
Monornoriurn sp.A 
Monomoriurn sp. B 
Pheidole sp.A 
Pheidole sp.B 
Pheidole sp.C 
Pheidole sp.D 
Pheidole sp.E 
Pheidole sp.F 
Pheidole sp.G 


— 

- 

6 

6 

1 

__ 

— 

1 

11 

13 

- 

24 

1 

1 

— 

3 

3 

- 

- 

1 

1 

13(3) 

13(1) 

10(3) 

36(6) 

39 

12 

2 

53 

39(1) 

12(1) 

2(1) 

53(1) 

1 

3 

- 

3 

1 

1 

1 

- 

2 

2(2) 

4(2) 

0 

6(3) 

1 

1 

25 

41 

3 

1 

1 

69 



1 

1 


1 

1 

2 

2 


— 

2 

2 

1 

2 

1 

— 

4 

1 

1 

1 

2 

- 

1 

2 

1 

33(7) 

47(5) 

5(3) 

85(11) 

1 

4 

41 

46 

29 

65 

171 

265 

_ 

11 

2 

13 

- 

- 

12 

12 

30(2) 

80(3) 

226(4) 

336(4) 

11 

39 


50 

_ 

1 

3 

4 

_ 

_ 

23 

23 

31 

11 

24 

66 

22 

17 

12 

i 

51 

1 

5 

1 

i 

6 

1 

47 

— 

47 

1 

70(5) 

116(6) 

63(5) 

249(9) 


Sub-totals 
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Table 1 (continued) 



CONTROL 

BURNT 

GRAZED 

TOTAL 

7. Large solitary foragers 





Myrmecia forficata (Fabricius) 

- 

1 

- 

1 

Sub-totals 

0 

KD 

0 

KD 

TOTAL ANTS 

187 

273 

306 

766 

TOTAL SPECIES 

20 

19 

16 

35 


Ant species collected on the island but not in traps: 1. Dominant epigaeic Dolichoderinae — Iridomyrmex 
sp.A, Iridomyrmex sp.B, /. ‘bicknelli’ sp.B, /. ‘foetans’ sp.C, I. ‘glaber’ sp.C, /. ‘glaber’&p.D, I. ‘ gracilis’ 
(Lowne), /. vicina Clark; 2. Subordinate cainponotine Formicinae — Polyrhachis ‘femora ta’ F. Smith, 
P. micans Mayr; 3. Climate specialists — Melophorus sp.C, Melophorus sjp.D y Me ran oplus sp., Tetramorium 
sp., Rhytidoponera Jasper a (Roger); 4a. Cryptic species— Amblyopone ‘australis’Enchson, Iridomyrmex 
darwinianus’ sp.C, Paratrechina ’minutula’ (Forel), Stigmacros (Campostigmacros) sp.B; 5. Opportunists — 
Paratrechina sp.B; and, 7. Large solitary foragers— Myrmecia ‘mandibularis’ F. Smith sp.A, M. ‘man- 
dibularis’ sp.B, M pilosula F. Smith, M. ?simillima F. Smith, M. *urens* Lowne. 


tralia. Compared to the ant faunas supported by native 
vegetation, those of suburban gardens in Perth contain 
proportionately fewer Iridomyrmex and more oppor¬ 
tunists, including species of Rhytidoponera (Majer & 
Brown 1987). 

The results presented here support the proposition that 
R. tasmaniensis is a useful bio-indicator of disturbance 
in southeastern Australia. Why is R. tasmaniensis so suc¬ 
cessful in exploiting disturbed habitats? Part of the an¬ 
swer appears to lie in its foraging ecology. It has an 
extremely broad and flexible diet —like most other ants 
it is predominantly a generalist predator and scavenger 
of other invertebrates, but it also readily eats seeds (An¬ 
dersen & Ashton 1985) and the elaiosomes of myr- 
mecochores (Berg 1975). It can also forage under a wide 
range of temperatures (Andersen 1986a) and light levels, 
and can nest almost anywhere in the soil, including in 
bare ground and under logs and stones. This suggests that 
habitat change often has little direct, adverse effect on 
R. tasmaniensiSy unlike its influence on other species. Dis¬ 
turbance is therefore likely to favour R. tasmaniensis by 
reducing the intensity of interspecific competition. 

The peculiar reproductive ecology of Rhytidoponera 
may also favour the exploitation of disturbed habitats. 
In the majority of ant species the potential for colony 
reproduction occurs just once a year, following the an¬ 
nual production of winged queens (Wilson 1971). 
However, throughout Rhytidoponera , reproduction is 
predominantly by mated workers which take the place 
of true queens (Haskins & Wheldon 1965). With several 
mated workers in a single colony, the colony is poten¬ 
tially able to reproduce by fission at any time of the year. 
This may give species of this genus greater flexibility in 
timing their reproductive effort and enable them to make 
a rapid reproductive response to unpredictably favour¬ 
able conditions such as those created by disturbance. 
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A NEW SPECIES OF ISCHNOCHITON (MOLLUSCA: 

POLYPLACOPHORA: ISCHNOCHITONIDAE) FROM SOUTH 

AUSTRALIA, WITH A DISCUSSION OF THE STATUS OF 
ISCHNOCHITON LEVIS, TORR, 1912 

By T. G. Cochran 

Department of Invertebrate Zoology, Museum of Victoria, 328 Swanston Street, Melbourne, 
Victoria, 3000; and, Department of Zoology, University of Melbourne, Parkville, Victoria, 3052. 

Abstract: A new species of chiton, Ischnochiton crebristriatus sp. nov., is described from South Aus¬ 
tralia. Specimens belonging to this species were previously identified as Ischnochiton leyis Torr, 1912. 
However, the holotype of 7. lev is is a specimen of another species, /. wi/soni Sykes, 1896; all of the other 
specimens attributed to 7. levis arc now considered to belong to a prcviously-undescribed species which 
has a sympatric distribution with 7. wi/soni in South Australia. Hence, 7. levis is synonymized with 7. 
wilsoni , and a new name, 7. crebristriatus is proposed for the other specimens previously identified as 
I. levis. The new species has been collected in coastal waters from Nuyts Archipelago to Port Willunga, 
South Australia, to depths of 15 metres, on rocks embedded in sand. 


While examining specimens identified as Ischnochi¬ 
ton levis Torr, 1912, from the collections of the South 
Australian Museum, Adelaide (SAM), a discrepancy 
was found between the holotype (SAM D11976), and 
other specimens which were identified as this species. 
The holotype of 7. levis is conspecific with 7. wilsoni , 
while the other specimens attributed to 7. levis are 
recognized as a previously-undescribed species, which 
has a sympatric distribution with 7. wilsoni in South 
Australia. In this paper, the new species is described 
and compared with morphologically-similar species, 
and the status of 7. levis is discussed. 

MATERIALS AND METHODS 

The type specimens, and all other specimens of the 
new species examined by the author, are deposited in 
the South Australian Museum. Other comparative 
material from the following museums was also 
examined: the Academy of Natural Sciences, Philadel¬ 
phia (ANSP); the Australian Museum, Sydney (AM); 
the Museum of Victoria (MV); and the South Aus¬ 
tralian Museum. Registration numbers and measure¬ 
ments for all material used in the study are on file in 
the Department of Invertebrate Zoology, Museum of 
Victoria. 

Measurements of body dimensions and the macro¬ 
scopic structure of the valves were made with vernier 
calipers. Meristic structures were counted and meas¬ 
urements of microscopic structures (e.g., girdle scales) 
were obtained under a dissecting microscope in which 
a graticule micrometer had been inserted into the eye¬ 
piece. Selected morphometric measurements of the 
new species, and of the comparative material, were 
analysed with one-way Analyses of Variance 
(ANOVA). Data obtained from ratios of measure¬ 
ments were only used if they were normally dis¬ 
tributed. Means and Bonferroni confidence intervals 
(which are based on the Bonferroni probability 


inequality) (Lee et al. 1984) were calculated from those 
data which showed a significant ANOVA result. 

The radula and a portion of the girdle were 
removed from one of the paratypes (SAM D16571), 
and prepared for examination under a scanning elec¬ 
tron microscope (SEM). The tissues were cleaned in 
an ultrasonic cleaner, dehydrated in an alcohol series 
(70%-100% ethanol) and dried in a critical-point 
dryer. A Sputter Coater was used to coat the samples 
with gold. Terminology for valve morphology is based 
on Kaas and Van Belle (1985). 

Ischnochiton crebristriatus sp. nov. 

Figs 1-4; Tables 1, 2 

Ischnochiton (. Euporoplax ) levis (non 7. levis Torr 
1912): Cotton & Weeding 1939: 184, 193, 198; Cotton 
& Godfrey 1940: 507-8; Cotton 1964: 148-9. 
Diagnosis: Slope of anterior valve straight or slightly 
concave; girdle scales very small (60-160 /xm wide), 
glossy, containing a large number of striae (up to 20) 
for the genus. Sculpture very weak, apophyses wide 
and flattened. 

Materials Examined: Holotype: SAM D18405, dried, 
complete specimen, 16.68 x 8.74 mm, collected inside 
reef, on the SW side of East Franklin Island (Loc. H), 
Franklin Islands, Nuyts Archipelago, South Austra¬ 
lia (32° 27 S, 133° 40' E), on rocks and pebbles under 
sand in 8 metres of water, by K. Gowlett 13.iv. 1983. 

Paratypes: Four dried, complete specimens, same 
collection data as holotype (SAM D16572); one 
partially-disarticulated specimen, preserved in 2% for¬ 
maldehyde/propylene glycol solution in sea water, 
same locality as holotype, collected on rock under sand 
at depths of 6-8 m, by P. Aerfeldt 13.iv. 1983 (SAM 
D16571); two dried, complete specimens, collected be¬ 
tween West Franklin Island and Seal Island, Frank¬ 
lin Islands, Nuyts Archipelago, South Australia, on 
smooth granite and pebbles under sand, 6-11 m of 
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Fig. 1 — Ischnochiton crebristriatus sp. nov. A, Holotype, SAM D18405 (x6.6 mag). B, Girdle scales, 
Paratype SAM D16571 (Scale bar = 40 /mi). C, Radula, Paratype SAM D16571 (Scale bar= 100 /*m). 


water, by K. Gowlett 25.ii. 1983 (SAM D16570); one 
dried, partially-disarticulated specimen, collected in 
a cove, on the NW point of East Franklin Island, 
Franklin Islands, Nuyts Archipelago, South Austra¬ 
lia, on edge of granite slope under sand, in 8 m of 
water, by K. L. Gowlett 20.vii.1983 (SAM D16573); 
one dried, complete specimen, North Islands, Frank¬ 
lin Islands, Nuyts Archipelago, South Australia, col¬ 
lected on rock under sand in 15 m water, by K. Gowlett 
24.ii. 1983 (SAM D16569); two dried, complete speci¬ 
mens, W end of Seal Island, Franklin Islands, Nuyts 
Archipelago, South Australia, collected on granite 
rock under sand in 6 m water, by K. Gowlett 
17.vii. 1983 (SAM D16574); three dried, complete 
specimens, North Islands, Franklin Islands, Nuyts Ar¬ 
chipelago, South Australia, collected on granite rock 


under medium-coarse sand in 10 m water, by K. 
Gowlett 21.vii. 1983 (SAM D16568); one dried, com¬ 
plete specimen, collected at Arno Bay, South Austra¬ 
lia, by B. J. Weeding (SAM D14482); one dried, 
complete specimen, collected at Moonta Bay, near 
Port Hughes, South Australia, by B. J. Weeding 
i. 1932 (SAM D18406); one dried, broken specimen, 
collected at Port Willunga, South Australia, by E. 
Ashby (SAM D11774). 

Description: General : Specimens to 21 mm long 
(mean ± sd = 12.33 ± 3.25 mm), oval to elongately oval 
(Fig. 1A), with an average total length: total width 
ratio of 1.77:1 (Fig. 4A); carinated with convex sides 
(Fig. 2E) and moderate elevation (average height:width 
ratio of valve V = 0.37) (Fig. 4B). Colour of tegmen¬ 
tum typically fawn or white, mottled with pale green. 
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Fig. 2 — Ischnochiton crebristriatus sp. nov. A, Dorsal view of anterior valve. B, Dorsal view of inter¬ 
mediate valve (V). C, Dorsal view of posterior valve. D, Ventral view of valve V. E, Anterior profile of 
valve V. F, Lateral view of anterior valve. G, Lateral view of valve V. H, Lateral view of posterior valve. 
(Figs A-E, G, H, Paratype SAM D16573; Fig. F, Paratype SAM D16571). Scale bar=l mm. 


rose pink, orange, grey and brown. However, the 
colours may form solid areas on some specimens, 
usually in shades of pink, orange and white. Entire 
surface of tegmentum granulated with minute, very- 
weak pustules (approximately 40 /xm in diameter); 
weak radial-ribbing present on anterior valve, lateral 
areas of intermediate valves, and on postmucronal 
area of posterior valve. Colour of girdle white or fawn, 
with pink or mushroom bands, which are occasion¬ 
ally interspersed with dark brown scales. Anterior 
valve: sculptured with 25-50 very-weak, radial ribs 
which extend approximately half way up the valve 
from its base (Fig. 2A). Valve semi-circular; posterior 
margin widely v-shaped; anterior slope straight to 
slightly concave (Fig. 2F). The concavity of the valve 
is more noticeable in adult specimens. Intermediate 
valves: beaked; length approximately Vi of width of 
valve (average length:width ratio of valve V = 0.34, 
n= 17, Figs 2B, 4D); lateral areas slightly raised, with 
4-7 weak ribs; granules of underlying sculpture 
coalesced in pleural areas to form 14-30 weak, horizon¬ 
tal to diagonal, ridges which extend from the anterior 
edge to the lateral area of each valve (Figs 1A, 2B, 
G). Posterior valve: rounded; slightly more than 1 Vi 
times wider than long (Figs 2C, 4E); anterior margin 
straight; mucro rounded, elevated, and slightly 
posterior to central (Figs 2H, 4F); antemucronal area 


sculptured in the same way as central area of inter¬ 
mediate valves; diagonal line of valve convexly v- 
shaped; postmucronal slope of valve concave, and 
sculptured with 20-38 very-weak, radial ribs which 
extend approximately Zi- 2 A distance to the mucro (Fig. 
2C). Articulamentum: white, tinted with mushroom 
brown, mauve or rose pink; apophyses and insertion 
teeth white; apophyses of median valves flattened, 
wide, and extend about Va of the height of the valve 
(Fig. 2G); jugal sinus narrow, about 14 of width of 
valve (Figs 2B, D, 4C). Slit formula: 9-13/1/9-11. 
Girdle : narrow, about '/io of width of specimen (aver¬ 
age width girdle:specimen±sd = 0.13 ±0.02, n= 17), 
and covered with imbricating, rounded, striated, cal¬ 
careous scales (Fig. IB); scales glossy, convex, and very 
small, being 120-160 fi m wide adjacent to the valves 
(average width ±sd= 136±9/*m, n = 17); striated with 
14-20 very fine ridges (Figs IB, 4G, H), gradually 
becoming smaller (60-110 /im, x±sd = 76± 14/im, 
n= 17) with fewer striae (9-13) towards the edge of 
girdle. Gills: holobranchial; adanal with interspace, 
extending from posterior edge of valve II to approxi¬ 
mately Vi length valve VIII; 24-27 ctenidia on each 
side of body; gonopore located between ctenidia 7 & 
8, while nephridiopore situated one ctenidium behind 
the gonopore (between ctenidia 6 & 7). Radula: Cen¬ 
tral and first lateral teeth elongate and narrow; major 
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lateral teeth with strong, bidentate cusps, both denti¬ 
cles of approximately equal size; spatulate unicinal 
teeth long and pointed, with a broad groove on the 
outer surface, inwardly curved to lie against major 
lateral teeth (Fig. 1C). 

Distribution and Habitat: The known range of this 
species extends from the Nuyts Archipelago (32° 27' 
S, 133° 40' E) to Port Willunga (35° 16' S, 138° 27' 
E), South Australia (Fig. 3). The new species has been 
found on rocks embedded in sand, usually in sand 
pockets (K. Gowlctt-Holmes pers. comm.) to depths 
of 15 m, although specimens have occasionally been 
collected under rocks either intertidally or in shallow 
water. The type of habitat in which the new species 
is found, is one which is rarely sampled for chitons 
by collectors. Hence, the restricted distribution of this 
species probably reflects a deficiency in collecting 
within suitable habitats in other areas, rather than the 
actual range of the species. 

Etymology: The specific name, crebristriatus (L. 
creber : crowded together, numerous; L. stria : grooves, 


furrows), refers to the large number of fine striae c,n 
the girdle scales, which is one of the most distinguish' 
ing features of this species. 

Comparison with other species: Ischnochitofl 
crebristriatus may be distinguished from other species 
of Ischnochiton by its very-small, glossy, girdle scale? 
which are covered by an unusually large number of 
striae for their size. The tendency towards concaMty 
in the slope of the anterior valve in adult specimen? 
is also an unusual feature, being previously recorded 
for only one other species, Stenochiton pilsbryamtS 
(Bednall 1897). /. crebristriatus most closely resemtle? 
/. wilsoni Sykes, 1896 and /. examinandus Hull, 1923 
However, morphometric and meristic comparison? 
between these three species show several difference? 
(Tables 1 & 2, Fig. 4). /. crebristriatus may be disin* 
guished from I. wilsoni by its more ovate outline (Fig* 
4A), smaller size, higher average dorsal elevation (Fig* 
4B), and smaller girdle scales containing many mot e 
striae (Figs 4G, H), which are seen as very fine ridje?* 
The striae on the girdle scales of /. wilsoni are coarstf 
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Table 1 

Comparison of Selected Characters of Ischnochiton crebristriatus sp. nov., I. wilsoni and /. 

examinandus. 


Character 

I. crebristriatus 

I. wilsoni 

I. examinandus 

Body length 

to 21 mm 

to 34 mm 

to 18 mm 

Slope of anterior valve 

straight-slightly 

concave 

slightly convex 

convex 

Morphology of posterior 

straight 

straight 

finely serrated 

edge of intermediate 
valves 

Number of ribs on valves 

Range (Mean±S.D.) 

Anterior 

25-50 (38 ±1) 

0 

24-52 (39 ±6) 

Intermediate 

4-7 (5 ± 1) 

0 

4-7 (5 ± 1) 

Posterior 

20-38 (31 ±5) 

38-67 (52 ±7) 

16-42 (31 ±7) 

Granules underlying 

very weak, 40-60 /mi 

very weak, 40-60 /mi 

stronger, 80-100 /mi 

sculpture 

diameter 

diameter 

diameter 

Shape of apophyses 

flattened 

flattened 

rounded 

Number of ctenidia each 

24-27 

28-36 

18-24 

side of body 

Typical position of 

between ctenidia 7&8 

between ctenidia 10&11 

between ctenidia 6&7 

gonopore 

Typical position of 

between ctenidia 6&7 

between ctenidia 8&9 

between ctenidia 5&6 

nephridiopore 

Typical coloration 

mottled pink, fawn 
green & grey 

pink with longitudinal 
grey streaks 

mottled/blotched pink or 
fawn with green, grey 
blotches 


and more strongly developed than those of I. crebris¬ 
triatus ; the colour patterns of the tegmentum and 
girdle of the two species also differ (Table 1). Radial 
ribs are present on all valves of I. crebristriatus ; rib¬ 
bing of the tegmentum is confined to the posterior 
valve of /. wilsoni (Table 1). The intermediate valves 
and the jugal sinus of /. crebristriatus are proportion¬ 
ately wider than those of I. wilsoni (Figs 4C, D). The 
posterior valve of I. crebristriatus is also relatively 
broader and the mucro is situated more posteriorly 
than that of /. wilsoni (Figs 4E, F). In addition, /. 
crebristriatus has fewer ctenidia than does /. wilsoni y 
and the nephridiopore is situated between ctenidia 6 
& 7, one ctcnidium behind the gonopore; in /. wilsoni , 
the nephridiopore is situated two ctenidia behind the 
gonopore, between ctenidia 8 & 9. 

I. crebristriatus can be separated from /. 
examinandus by the finer granulose sculpture of the 
tegmentum, the absence of serrations along the 
posterior margin of the intermediate valves, a narrower 
jugal sinus (Fig. 4C) and flattened apophyses. The 
posterior valve of I. crebristriatus is more elongate 
than I. examinandus (Fig. 4E), and there is a tendency 
towards a smaller ratio of length:width of the inter¬ 
mediate valves and a more centrally-positioned mucro 
in /. crebristriatus (Figs 4D & 4F respectively). 
Although the girdle scales of /. crebristriatus are 
approximately the same size as those of I. 
examinandus , they contain more striae (Figs 4G, H). 
/. examinandus has relatively fewer ctenidia than /. 
crebristriatus , and the gonopore is situated one 
ctenidium behind the position of the gonopore in /. 
crebristriatus (i.e. between ctenidia 6 & 7 rather than 


7 & 8). The geographic range of /. examinandus 
extends from New South Wales to Queensland (Ire- 
dale & Hull 1927), while /. crebristriatus has only been 
found in South Australia (Fig. 3). 

Discussion of the status of Ischnochiton levis: I. 
levis has been regarded as a synonym of /. wilsoni by 
some authors (Gatliff & Gabriel 1917, Ashby 1918, 
1926, Iredale & Hull 1924, 1927) and as a valid spe¬ 
cies by others (Cotton & Weeding 1939, Cotton & 
Godfrey 1940, Cotton 1964, Kaas & Van Belle 1980, 
Zeidler & Gowlett 1986). The differences of opinion 
in the literature have probably resulted from the inclu¬ 
sion of specimens of the new species and I. wilsoni 
with /. levis. 

In the original description of /. levis, Torr (1912) 
made a comparison between /, levis and I. wilsoni in 
which he regarded tegmental sculpture as the main fea¬ 
ture which separated the two species. However, Gat¬ 
liff & Gabriel (1917) synonymized /. levis with /. 
wilsoni , after examining the holotype of I. levis , stat¬ 
ing that Torr requested them to record their findings 
that /. levis and /. wilsoni were conspecific. 

In their recognition of /. levis as a valid species, 
Cotton and his co-authors (Cotton & Weeding 1939, 
Cotton & Godfrey 1940, Cotton 1964) used the mor¬ 
phology of the girdle as the diagnostic character of 
/. levis. These authors were using the SAM collections 
as a basis for their work. Hence, specimens of the new 
species were probably used by them in defining I. levis 
as a valid species, as in the present study, the most 
obvious differences between /. wilsoni and the new 
species were found to relate to the morphology of the 
girdle scales. Cotton & Weeding (1939) considered that 





7 


A NEW SPECIES OF ISCHNOCHITON 
Table 2 

Results of One-Way Analyses of Variance (ANOVA) Performed on Selected Measurements from 
/. crebristriatus sp. nov. (Species A), I. wilsoni (Species B), and I. examinandus (Species C). All Results 

are Significant for P(0.05)DF = 2. 


Character 

S.S. 

F-Value 

Ranking of Species 
(Bonferroni Probability 
Inequality) 

Total length:width 

0.07 

3.35 

B> A = C 

Dorsal elevation of valve V 

0.07 

14.02 

A = C>B 

Jugal sinus:apophysis width 

0.48 

31.17 

C> A> B 

Length:width of valve V 

0.02 

5.86 

C = A>B 

Widthdength of posterior valve 

0.39 

12.23 

C>A>B 

Position of mucro on posterior valve 

0.04 

7.04 

C = A>B 

Average size of girdle scales 

0.01 

32.21 

B> A = C 

Average no. of striae/girdle scale 

906.57 

657.08 

A>C> B 


/. wilsoni and /. levis belong to different subgenera, 
Euretoplax and Euporoplax respectively, which were 
erected on the basis of the morphology of the girdle 
scales (Iredale & Hull 1924). The girdle scales are con¬ 
spicuously striate in Euretoplax and microscopically 
striate in Euporoplax , which reflects the morphologi¬ 
cal differences in the girdle scales of I. wilsoni and 
/. crebristriatus. Euretoplax and Euporoplax have 
since been placed into synonymy with the subgenus 
Autochiton (Kaas & Van Belle 1980). 

Members of the subgenus Autochiton which was 
originally given generic distinction (Iredale & Hull 
1924), were previously separated primarily on the basis 
of the weak sculpture of the tegmentum and the small 
size (50-200 / 4 m wide) of the girdle scales (van Belle 
1983), A systematic study currently being undertaken 
by the author on the family Ischnochitonidae from the 
southern Australian coastline, has shown that 
Autochiton does not warrant subgeneric distinction. 
Tegmental sculpture is variable even at an intraspecific 
level, and some members of the subgenus Autochiton 
can exhibit strong sculpture, e.g. Ischnochiton torri 
Iredale & May 1916. In addition, there is no morpho¬ 
logical distinction between the girdle scales of mem¬ 
bers of this subgenus and those of Ischnochiton s.s., 
and the girdle scales of some species of Ischnochiton 
s.s. are within the same size range as those found in 
Autochiton e.g., Ischnochiton variegatus (H. Adams 
& Angas 1864) and /. examinandus , with girdle 
scalewidths between 50 and 160 pm. Consequently, 
members of the subgenus A utochiton have been placed 
within Ischnochiton s.s. 
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A NOTE ON RING AND POLYGONAL FRACTURES IN TWO 
LUNAR CRATERS, AND THEIR SIGNIFICANCE FOR 
TERRESTRIAL MAGMA EMPLACEMENT 

By Alastair Stewart 

Division of Petrology & Geochemistry, Bureau of Mineral Resources, G.P.O. Box 378, Canberra, 

A.C.T., 2601 

Abstract: Two volcanic craters on the far side of the moon exhibit ring and polygonal fractures which 
exemplify the notion of ring-shaped “fracture zones” put forward by Marland P. Billings in 1943 as an 
emplacement mechanism for steep or vertical ring dykes. On Earth, magma irruption usually obliterates 


evidence of its emplacement mechanism; the lunar 
tures formed, and display the postulated patterns 
4 billion years. 

In 1966, I published an account of an igneous 
ring complex at Cobaw in central Victoria, compris¬ 
ing a thick, steeply-dipping, granite ring dyke sur¬ 
rounding several younger intrusions (Stewart 1966). 
The granite ring virtually obliterated the evidence of 
its mechanism of emplacement, and I used the notion 
put forward by Billings (1943) of large-scale piecemeal 
stoping of a ring-shaped “fracture zone” to emplace 
the granite, followed by large-scale fracturing of the 
central block of country rock to emplace the next (and 
largest) intrusion. But, do ring fracture zones really 
exist? In the same year, the Lunar Orbiter 1 spacecraft 
of the United States National Aeronautics and Space 
Administration photographed a group of internally- 
rilled or floor-fractured craters (Fig. 1A) which dis¬ 
play the very fracture patterns postulated at Cobaw, 
but which appear not to have been engulfed by 
magma. In 1972, the crew of the Apollo 17 manned 
space flight mission included the craters in their 
stereoscopic photo-coverage of the Moon (Fig. 2A, B). 
McCauley (in Cortwright 1968), Kosofsky and Farouk 
El-Baz (1970), and Short (1975) depicted and com¬ 
mented briefly on the craters, and Schultz (1976a, b) 
discussed the southernmost crater in some detail. 

GEOLOGY 

The craters in question are situated on the far side 
of the moon at latitude 4°30'S, longitude 145°48'E. 
The craters are in densely-cratered highland terrain, 
and are therefore older than 4 b.y. (Taylor 1975). 
There are four adjoining craters, with overall dimen¬ 
sions of 77 km by 40 km (Fig. 1 A, B) for the group. 

Crater Descriptions 

Crater 1, here called oval crater, is about 40 km 
long, and elliptical; it approximates a Class III (wide 
floor moat) crater in the classification of Schultz 
(1976b), but lacks polygonal fractures common in the 
class. The floor has a hummocky surface, and is at 
about the same level as the surrounding terrain out¬ 
side the rimcrest. The floor is slightly raised in the 


craters were never engulfed by magma after the frac- 
of ring and block fracturing “frozen in the act” for 


southwest, forming a platform tilted gently to the 
northeast (Fig. 2A). Near the rimwall (Fig. 1 A, B) the 
floor is cut by several concentric arcuate fractures with 
V-shaped profiles. The main fracture extends for 320° 
around the floor, and defines the inner edge of the 
moat. In the southwest, this fracture appears to be a 
normal fault in, and may therefore be considerably 
younger than, the hummocky floor surface 
(Fig. 2A, B). An arcuate patch of dark material is situ¬ 
ated outside and next to the main fracture at this local¬ 
ity, and others are situated on the main fracture in 
the south and north of the crater. Similar dark patches 
but irregular in outline and each surrounding a small 
dark crater are located 3 km inside the main fracture 
in the southwest and northwest of the crater floor, and 
also where oval crater meets crater 2 (see below). These 
three are probably dark-halo pyroclastic deposits sur¬ 
rounding cinder cones (Salisbury et al. 1968), and the 
three arcuate patches may also be pyroclastic deposits 
derived from the main ring fracture. 

Crater 2, or turtle crater, is about 30 km long, poly¬ 
gonal, and is a Class IVa (narrow floor moat) crater 
in Schultz’s classification. The floor and rimwall meet 
at a pronounced V-angle, forming the narrow moat. 
The floor is lower than the floor of oval crater, and 
also lower than the terrain outside the rimcrest (Fig. 
2A, B). The floor of turtle crater is cut by numerous 
straight or arcuate fractures with V-shaped profiles, 
forming a polygonal pattern of plates resembling a 
turtle’s shell. The fractures are considerably wider and 
deeper than those of oval crater. A discontinuous ring 
fracture similar to that in oval crater is present in the 
floor near the rimwall (Fig. 1A, B), and is shallower 
than the straight or arcuate fractures that cross the 
floor. The plates are tilted outward from a high point 
in the northwest of the floor (Fig. 2A, B), indicating 
that the crater floor is domed, as noted by McCauley 
(in Cortwright 1968) and by Schultz (1976a). The 
easternmost plates (adjoining the eastern rimwall) are 
higher than their neighbours to the west (Fig. 2A, B), 
indicating normal faulting (Fig. IB). 


9 


10 


ALASTAIR STEWART 




16/4 


- Rim crest 


Impact crater 


- RimwalPfloor contact 

(queried where in shadow) 

-n-n Prominent fracture (ticks on downthrown 
side) 

- Faint fracture 


m 


Dark halo 
Possible vent 


Strike and dip 


0 10 km 

i-1 


Fig. 1 — A, High-resolution photograph by United States NASA Lunar Orbitcr 1 spacecraft on 24 August 
1966, showing floor-fractured craters at longitude 145°48'E, latitude 4°30'S, on far side of moon. NASA 
photograph L-66-7954, frame 115 published by permission of the Principal Investigator, Mr L. J. Kosofsky, 
and the National Space Science Data Center through the World Data Centcr-A for Rockets and Satellites, 
Maryland, U.S.A. B, Structural map showing major fractures traced from Fig. 1 A, and dark haloes with 
possible vents, dip attitudes and faults plotted from Fig. 2. _ 
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Fig. 2 —A, Vertical, and B, oblique stereoscopic photographs of floor-fractured craters of Fig. 1A taken 
by United States NASA Apollo 17 manned space-flight mission in 1972. NASA photographs AS17-215 
and 216 (vertical) and AS 17 —855 and 856 (oblique) published by permission of the Principal Investiga¬ 
tor, Dr Frederick J. Doyle, and the National Space Science Data Center through the World Data Center-A 
for Rockets and Satellites, Maryland, U S.A. 
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Two smaller craters (Fig. IB, nos. 3, 4), each about 
8 km across, are situated to the northeast of oval 
crater. Their floors are hummocky and horizontal, and 
bounded by annular valleys with a V-shaped profile. 
The floor of crater 4 is higher than that of crater 3 
(Fig. 2A, B). 

A discontinuous rim surrounds the craters, and 
forms a ridge southeast of oval crater and east and 
west of turtle crater, and a chain of irregular hills else¬ 
where (Fig. 2A, B). The outer limit of the rimflank 
is poorly defined, and to the southwest, northeast, and 
southeast the hills extend well away from the crater 
and merge into the general terrain of the region, giving 
the craters the appearance of down-dropped areas in 
hilly country. There is no rim where the craters join. 

Age 

Apart from the fractures, the floors of the four 
craters have the same appearance and undulating or 
hummocky surface as the surrounding lunar terrain. 
Their diffuse, degraded, or subdued appearance cor¬ 
responds to an age index of about 2.5 in the relative 
age sequence of Pohn and Offield (1969) for craters 
16 to 48 km in diameter (Class 2), giving a chrono¬ 
logical age of about 4.4 b.y. (Short 1975). 

DISCUSSION 

Impact or Volcanic Origin? 

Short (1975, p. 115) and the Basaltic Volcanism 
Study Project (1981) list morphological features diag¬ 
nostic of impact and volcanic craters on the moon. 
The craters described here have the following features 
indicative of volcanic origin: 

— absence of central peaks and of interior terraces 
at the rimwall; 

— floors which have discontinuous contacts with 
the rimwall and which extend into the smaller craters 
to the northeast, both features being suggestive of lava 
fill (Schultz 1976b); 

-non-circular plans; 

— peripheral constructs (craters 3 and 4) implying 
flank eruptions; 

— contiguous occurrence as a group. 

Additional evidence for volcanic origin includes: 

— the horizontal floors of craters 3 and 4. These 
craters are too small to have undergone isostatic 
rebound after impact (Lowman 1969, fig. 53), indicat¬ 
ing that the floors are volcanic fill: 

— the different levels of the floors of the four 
craters; 

-the non-parallelism of the long axes of oval and 
turtle craters, negating the possibility of impact by two 
bolides travelling together. Alternatively, impact by 
two bolides of different age and trajectory is negated 


by the similar appearance and hence similar age of the 
two crater floors and by the absence of any overlap- 
ping or superimposed rim where the two craters touch, 
indicating simultaneity of crater formation. 

Hence, all the evidence indicates a volcanic origin 
for the craters, and is opposed both to impact and to 
impact followed by volcanism. 

Origin of Fractures 

Short (1975) attributed the polygonal fractures in 
turtle crater to shrinkage cracking of rapidly-cooled 
lava, but the many lunar craters containing cooled lava 
that shows no fractures disproves this possibility 
(Schultz 1976b), and the doming of the crater floor 
indicates expansion instead. 

The ring fractures prominent in oval crater indi¬ 
cate either elevation or subsidence of the crater floor 
as happens in terrestrial craters in response to mag¬ 
matic inflow or withdrawal. The tilting of the floor 
platform of oval crater is consistent with subfloor sill 
intrusion, and the doming of the floor of turtle crater 
is consistent with intrusion of a subfloor laccolith, 
batholith, or diapir. The ring fractures may mark the 
boundaries of the subfioor intrusions. A small amount 
of magma erupted through the fractures and formed 
the patches of dark halo (pyroclastic?) material at and 
near the main ring fracture of oval crater. The two 
small craters (Fig. IB, nos. 3, 4) have no surface frac¬ 
tures, but have a prominent V-shaped moat between 
floor and rimwall (Fig. 2A, B). Schultz (1976b) sug¬ 
gested that this type of moat arises either by small 
differential floor movement, or represents the termi¬ 
nus of the lava flow(s), which typically range from 10 
to 50 m in thickness on the moon, forming the crater 
floor. The difference in level of the floors of craters 
3 and 4 indicate differential floor movement. 

Schultz (1976b) proposed the following sequence 
of events for endogenic Class IVa craters: 

1. Establishment of craters by caldera collapse into 
a magma chamber; 

2. Intrusion of magma (resurgence) into the region 
below the collapsed caldera blocks, and eruption of 
magma through the fractures between and around the 
blocks to form the floor unit (lava and/or tephra), 
with a narrow moat at the edge representing flow ter¬ 
mini or the site of differential floor movement. 

At turtle crater, these events were followed by fur¬ 
ther inflow of subsurface magma, causing doming and 
polygonal fracturing of the floor of turtle crater, fol¬ 
lowed by subsidence centred in the northwest, leav¬ 
ing the easternmost plates as upstanding cuestas. 

Oval crater, although it has the wide moat of a 
Class III crater, lacks the polygonal floor fractures and 
central peaks of Class III, and appears to be simply 


Fig. 3 —Structural sketch maps of Amo-Rukuba and Jos-Bukuru ring complexes of Nigeria (after Jacob¬ 
son et al. 1958), Halemaumau crater, Hawaii (after Holmes 1965), Suswa volcano, Kenya (after Johnson 
1969), Ishizuchi cauldron, Japan (after Yoshida 1984), Taupo caldera volcano. New Zealand (after Wilson 
et al. 1984), Rosses granitic ring-complex, Ireland (after Pitcher 1953), Cobaw Granite, Victoria (after 
Stewart 1966), and Amatitlan caldera, Guatemala (after Wunderman & Rose 1984). Faults dashed where 
approximate, dotted where inferred; ticks on downthrown side. 
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a crater that reached stage 2 of the Class IVa sequence 
above, but instead of then doming underwent ring 
fracturing and tilting of the entire floor platform above 
an intruding sill, forming the wide moat in the west 
and south of the crater, accompanied by small 
pyroclastic eruptions at and near the ring fracture. 

Significance of Fracture Patterns 

The resemblance of the group of lunar craters 
described here to some terrestrial ring complexes is 
striking, and in general outline the lunar group could 
be a sibling of the Amo-Rukuba ring complex of 
Nigeria (Jacobson, MacLeod & Black 1958) (Fig. 3). 
Numerous recent volcanic craters on Earth show ring 
and block fractures, and thereby support a volcanic 
origin for the lunar craters. Terrestrial examples which 
show ring fractures include Halemaumau in Kilauea 
caldera, Hawaii (Holmes 1965), Suswa in Kenya 
(Johnson 1969), and Ishizuchi in Japan (Yoshida 1984) 
(Fig. 3). Maars are another example of ring fractur¬ 
ing of volcanic origin (Ollier 1967). Block fracturing 
in volcanic centres is exemplified by the Taupo cal¬ 
dera in New Zealand (Wilson et al. 1984) (Fig. 3). Plu¬ 
tonic complexes which show ring and block fracturing 
include Jos-Bukuru in Nigeria (Jacobson et al. 1958), 
the Rosses, Ireland (Pitcher 1953), and Cobaw, Vic¬ 
toria (Stewart 1966) (Fig. 3). Turtle crater itself resem¬ 
bles the active Amatitlan caldera in Guatemala 
(Wunderman & Rose 1984) (Fig. 3), which comprises 
a network of faults separating polygonal blocks of vol- 
canics 1 to 5 km across inside a ring fault. Oval crater 
exhibits a nearly complete ring fracture, and in the 
north and west appears to exemplify Billings’ (1943) 
notion of a ring-shaped zone of intersecting fractures 
surrounding a central mass of country rock. 

On Earth, the ring fracture zone model provides 
a mechanism for magma to stope its way up through 
the crust, forming a steep or vertical ring dyke; this 
is followed by subaerial [e.g. Glen Coe, Scotland 
(Clough et al. 1909); Valles, New Mexico (Smith et 
al. 1961); Ishizuchi, Suswa, Jos-Bukuru] or subsur¬ 
face (Rosses, Cobavv) cauldron collapse of the central 
block. This collapse takes place cither as a single mass 
or as several smaller masses. Oval crater exhibits the 
ring fractures necessary for the former to occur, and 
turtle crater the block fractures for the latter. 

CONCLUSION 

The lunar craters described here support two 
hypothetical notions of terrestrial magma emplace¬ 
ment at a high level in the crust: the ring fracture zone 
of Billings (1943), and large-scale block fracturing. 
Lava never obliterated the lunar fractures, enabling 
the craters to preserve the evidence of the magma 
emplacement mechanism, evidence which is usually 
obliterated on Earth by the magma itself. 
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A LOWER TO MIDDLE ORDOVICIAN AGE 
FOR THE HOTHAM GROUP, EASTERN VICTORIA 
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Abstract: In the Tabberabbera district of eastern Victoria, Ordovician sediments comprise a 4-5 km 
thick succession of quartz-rich turbidites named the Hotham Group. Conodonts and graptolites occur 
in rare cherts and black shales which are interbedded with the otherwise unfossiliferous succession. A 
Lower to Middle Ordovician (Darriwilian) age is suggested. The oldest strata are ribbon cherts of prob¬ 
ably Early Tremadocian (pre-Lancefieldian) age that occur as tectonic slices along the Wonnangatta Line, 
a major fault to the west of Tabberabbera. 


Most age determinations of the Ordovician of 
eastern Victoria are based on sparsely-distributed 
Middle and Upper Ordovician graptolite faunas (Van- 
denberg 1978). The occurrence of Lower Ordovician 
graptolites in the northern part of the Omeo Meta- 
morphic Complex (Kilpatrick & Fleming 1980) 
represents the only early Ordovician age record from 
the entire region. 

This paper considers the Hotham Group of the 
Tabberabbera district (Fig. 1) and the conodonts and 
graptolites that have been discovered within the cherts 
and siliceous mudstones of this unit. Although faunas 
are sparse and often poorly preserved, sufficient diag¬ 
nostic taxa have been found to show that much of the 
succession is of Lower to Middle Ordovician (Darri¬ 
wilian) age, not Upper Ordovician as previously sug¬ 
gested (e.g., Richards & Singleton 1981). 

STRATIGRAPHY AND SETTING 

The Ordovician succession between the Omeo 
Metamorphic Complex and the Howqua Zone was 
named the Hotham beds by Vandenberg and O’Shea 
(1978). Regional mapping and palaeontological studies 
considered herein have shown that the Hotham beds 
constitute a lithostratigraphic unit that, in some areas, 
can be subdivided into formations. Therefore, we pro¬ 
pose that the Hotham beds be renamed the Hotham 
Group. The unit consists of a thick, monotonous suc¬ 
cession of interbedded quartz sandstone and mudstone 
with rare, generally thin (<2 m) intervals of black 
shale and radiolarian chert (Fig. 2). 

In the Tabberabbera Sub-zone, the Hotham Group 
is divided by the Wonnangatta Line into two contrast¬ 
ing lithological and structural domains (Fig. 1). The 
Wonnangatta Line is a major fault zone marked by 
a tectonic melange up to 2 km in width (Fergusson 
in prep.). The tectonic melange is derived from the 
in situ tectonic fragmentation of interbedded quartz 
sandstone and mudstone of the Hotham Group. 
Within the melange there are many fault-bound frag¬ 
ments of ribbon chert which are up to 2-3 km in length. 
The ribbon cherts consist of radiolarian chert inter- 


layered with laminae of mudstone in a distinctive rock 
type unknown elsewhere in the Tabberabbera Sub¬ 
zone. The cherts are rich in pyrite and detrital organic 
matter. 

The Hotham Group, south-west of the Wonnan¬ 
gatta Line, consists of a monotonous succession of 
interbedded turbiditic quartz sandstone and mudstone. 
Black shale is known only from one locality (PL 2947, 
Fig. IB) and cherts are absent. In the Freestone Creek 
area, 30 km to the southwest of Tabberabbera, the 
Hotham Group is 3.6 km thick and is divisible into 
three units (Fig. 2). These are: (i) a lower unit of 
monotonous interbedded sandstones and mudstones; 
(ii) a middle unit of passage beds with mudstones 
interbedded with intervals of mudstones and interbed¬ 
ded sandstones up to 20 m thick; and, (iii) an upper 
unit of mudstone. 

North-east of the Wonnangatta Line, the Hotham 
Group is a thick, monotonous unit of quartz turbi¬ 
dites that contain thin horizons of black shale and 
chert but no mappable horizons of mudstone. Black 
shales and cherts are commonly 1-2 m thick with two 
much thicker intervals of black shale in the Sandy 
Creek area (Fig. 2). The cherts and black shales are 
gradational and consist mainly of quartz with variable 
quantities of muscovite. The black colour of the shale 
reflects small quantities of carbonaceous material. 
Both lithologies contain abundant Radiolaria, 
although they are affected by recrystallisation and dis¬ 
solution. Some cherts contain sponge spicules, 
although these are always less abundant than the 
Radiolaria. 

The Hotham Group was affected by one major 
deformation south-west of the Wonnangatta Line, 
whereas in the north-eastern domain it has suffered 
multiple deformations (Fergusson in prep.). The struc¬ 
ture and sedimentology of the Group will be described 
in more detail elsewhere. 

PALAEONTOLOGY 

A detailed examination of numerous outcrops of 
chert and siliceous mudstone within the study area has 
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Fig. 1 — A, Major geological subdivisions of the Lachlan Fold Belt in central eastern Victoria. B, Geology 
of the Tambo River area with Lower and Middle Ordovician (Ol and Om respectively) fossil localities. 
C, Geology of the Tabberabbera district. D, Detail of the Sandy Creek area showing the Lower 
(Ol), Middle (Om) and Upper (Ou) Ordovician fossil localities. 


yielded sufficient fossil material to show that the 
greater part of the Ordovician is represented. The 
cherts were studied using bedding-parallel polished 
slabs and thick (ca. 1.0 mm) petrographic sections. The 
latter were examined with a combination of incident 
and transmitted light. Many of the cherts grade into 
siliceous mudstone opaque in thick sections. If these 
rocks retained any bedding-parallel partings they were 
split and examined with a binocular microscope and 
incident light. 

The majority of conodonts in the cherts and mud¬ 
stones are preserved as empty or residue-filled moulds 
with little, obviously-preserved, morphological detail. 
A combination of mechanical and chemical prepara¬ 
tion using fine needles and concentrated hydrochloric 
acid was used to clean out some of the moulds. Casts 
of the conodont elements were prepared using latex 
rubber solution and these replicas then examined under 


a scanning electron microscope with excellent resolu¬ 
tion of morphological detail (e.g., Fig. 3F). 

The oldest rocks in the region are fault-bound 
ribbon cherts along the Wonnangatta Line near the 
Mitchell River (Museum of Victoria invertebrate fossil 
locality —PL 199). They contain abundant, minute 
clusters of paraconodonts, simple conecuconodonts, 
sponge spicules, radiolarian fragments and inarticulate 
brachiopods. Large and complex conodont elements 
are restricted to rare specimens of Cordylodus proa - 
vus (Fig. 3 A) and C. intermedius. C. proavus is the index 
species for the latest Cambrian/Early Ordovician C. 
proavus Zone of midcontinent North America (Miller 
et al. 1982) and ranges through the early Lower Trema- 
docian. C. intermedius first appears early in the C. proa¬ 
vus Zone (Fortey et al. 1982) and ranges into the Upper 
Tremadocian. These rocks are best assigned a Lower 
Tremadocian (pre-Lancefieldian) age. They represent 
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TABBERABBERA cies. This fauna is best correlated with the lower Arenig 

Prioniodus elegans Zone of Sweden and eastern North 
America (Lofgren 1978; Landing 1976). Along the 
Dargo Road 8 km to the south-east a thin nodular 
chert in a mudstone sequence (PL 2945) also contains 
Ol-Om Paracordylodus gracilis. 

Strata of similar age also occur 75 km to the east 
at Peters Creek (PL 2948) (Fig. IB) where a thin black 
shale and chert band contains Prioniodus elegans and 
Paracordylodus gracilis (Fig. 3E). To the north of this 
locality, on the Tambo River, ribbon cherts contain 
Periodon flabellum indicating a late Lower or early 
Be i Middle Ordovician age (PL 2949). The regional trend 
indicates this area contains a considerable thickness 
of Lower Ordovician strata (Fig. 2). 

South-west of Tabberabbera (Figs 1C, D) the 
oldest fossils were found in the region of Merrijig 
Creek with the succession younging to the west. Lower 
Ordovician conodonts occur in ribbon cherts outcrop¬ 
ping in Merrijig Creek (PL 196) and in siliceous black 
mudstones on the Tabberabbera Road (PL 198). Here 
Oepikodus evae and rare Bergstroemognathus extensus 
(Fig. 3D) are characteristic of strata correlated with 
the Swedish O. evae Zone in North America (Land¬ 
ing 1976) and central Australia (Cooper 1981). These 
species also occur in Upper Bendigonian and Chew- 
tonian graptolitic shales of central Victoria (Vanden- 
berg & Stewart 1983). On the Tabberabbera Road 
(PL 200), a 15 cm thick yellow chert band contains 
abundant conodonts of the Periodon lineage. Similar 
conodonts also occur in black ribbon cherts to the 
south in Merrijig Creek (PL 197). These assemblages 
are of late Lower Ordovician or early Middle Ordo¬ 
vician (Darriwilian) age. 

Along Sandys Creek and Sandys Creek Road, 
several localities contain late Darriwilian and early Gis- 
bornian conodonts and graptolites. In Sandys Creek 
(PL 192) a thin mudstone bed contains Polonodus , 
Histio della, Spinodus spinatus , Periodon aculeatus 
and a single specimen of Pygodus serrus. The fauna 
is similar to that found with Darriwilian Da. 3 Zone 
graptolites in central Victoria and best correlates with 
the Pygodus serrus Zone based in Sweden (Bergstrom 
1971) which has a Llanvirn age. Further south in 
Sandys Creek an outcrop of black shale (PL 194) con¬ 
tains a sparse late Darriwilian (Da. 4) graptolite fauna 
(Thomas, in Talent 1963, loc. 30) and abundant Perio¬ 
don aculeatus. 

Above Sandys Creek on Sandys Creek Road the 
sequence passes conformably into early Gisbornian 
mudstones (PL 193) containing Pygodus serrus and 
P. anserinus (Fig. 3F). Eastonian graptolites have been 
recorded to the west of Sandys Creek Road (Thomas, 
in Talent 1963). The distribution of fossil localities in 
the Merrijig Creek and Sandys Creek area indicates 
there is a complete succession ranging in age from 
Lower Ordovician Bendigonian (Be. 4) or Chewtonian 
(Ch. 1) to Upper Ordovician, Eastonian. The strati¬ 
graphic range of key conodont and graptolite taxa 
recovered from the Hotham Group is summarized in 
Fig. 4. 


LJ 


Black shale 
f=z1 Mudstones 
1~.| Passage beds 
F I Sandstone-dominant 
'—^ turbldites 

- Radiolarian chert 

Fig. 2-Schematic stratigraphic columns for the Hotham Group 
from Freestone Creek, Tabberabbera (Sandy Creek) and 
Tambo River. 

the oldest exposed sediments east of the Howqua Zone 
where a Cambrian succession has been recognized. 
Although these cherts are faultbound their location is 
consistent with them forming the base of the Ordovi¬ 
cian quartz turbidite succession (Fig. 1C). 

Previous age determinations from the Hotham 
Group north-east of the Wonnangatta Line are re¬ 
stricted to several narrow bands of late-Darriwilian 
to Eastonian graptolitic black shales south-east of Tab¬ 
berabbera (Talent 1963). Lower Ordovician strata are 
here reported to be widespread throughout this domain 
(Fig. 1) as well. A thin black shale and chert unit near 
Dargo (PL 2946) has yielded the graptolites 
Tetragraptus approximate and four-branched 
T. fruticosus (Fig. 3C). These are the zonal species for 
the Lower Ordovician Bendigonian Bel Zone. The 
fauna is of the same age as that recorded by Kilpatrick 
and Fleming (1980) near Eskdale 120 km to the north. 
The shales also contain numerous conodonts and phyl- 
locarids. Conodont species include Paracordylodus 
gracilis (Fig. 3B), Prioniodus elegans , Oepikodus sp. 
cf O. communis , and several coniform conodont spe- 
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Fig. 3 —A, Cordylodusproavus Muller, P 112076, rounded element in chert matrix, locality PL 199. B, 
Paracordylodus gracilis Lindstrom, P 112085, S. element. S.E.M. of latex replica, locality PL 
2946. C, Tetragraptus fruticosus (Hall), P 112082, 4-branched form, locality PL 2946, X 3.5. 
D, Bergstroemognathus extensus (Graves & Ellison), P 112083, M element in chert matrix, locali¬ 
ty PL 196. E, Paracordylodus gracilis (Lindstrom), P 112084, S element in chert matrix, locality 
PL 2948. F, Pygodus serrus (Hadding), P 112081, stelliscaphate element, S.E.M. of latex replica, 
locality PL 193. Bar scale is 0.1 mm. Specimen numbers and locality numbers refer to the Muse¬ 
um of Victoria Palaeontological collection register. 
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Fig. 4 —Chart showing the range of key conodont and graptolite taxa recovered from the Hotham Group. 


Conodonts have only been found at one black 
shale-nodular chert locality to the south-west of the 
Wonnangatta Line (PL 2947). Here, the presence of 
conoform conodonts and phyllocarids are consistent 
with a Lower Ordovician age (Fig. 1C). 
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STUDIES ON WESTERN AUSTRALIAN PERMIAN 
BRACHIOPODS 8. THE LATE PERMIAN BRACHIOPOD 
FAUNA OF THE KIRKBY RANGE MEMBER, CANNING 

BASIN 


By N. W. Archbold 

Department of Geology, University of Melbourne, Parkville, Victoria 3052 

Abstract: The brachiopod fauna of the Late Permian Kirkby Range Member of the Hardman 
Formation, Canning Basin is described and distinguished from the fauna of the Cherrabun Member of 
the Hardman Formation. New taxa described are Waagenites stani sp. nov. and Echinalosia (Notolosia) 
millyiti sp. nov. 

The faunas of both members are retained within the informally named Oppel-zone Stage F of Dickins 
(1963) as faunas FI (the Kirkby Range Member fauna) and F2 (the Cherrabun Member fauna). Faunas 
FI and F2 are respectively named the Liveringia magnified Zone and the Waagenoconcha imperfecta Zone. 

The faunas of the Hardman Formation are compared with those of the Upper Marine Beds of the 
Port Keats Group, Bonaparte Basin and it is concluded that both Hardman faunas have their correlatives 
in the Bonaparte Basin. 


Distinctive Late Permian brachiopod faunas were 
first recognised from Western Australia by Thomas 
and Dickins (1954). The faunas were originally 
collected from beds high in the Liveringa Formation 
that were assigned to the Hardman Member by Guppy 
et al. (1958). Subsequent mapping (Yeates et al. 1975) 
has discovered two marine horizons within the 
Hardman Formation as outlined below. 

The present study reports on the fauna from the 
lower marine horizon of the Hardman Formation (that 
of the Kirkby Range Member). The investigation is 
based primarily on a sizeable collection of reasonably- 
well preserved, internal and external moulds collected 
by Dr S. K. Skwarko (Geological Survey of Western 
Australia) from a locality on the Western edge of the 
Millyit Range Plateau, Canning Basin. Comparison 
is made with collections obtained by Bureau of Mineral 
Resources Field parties and published locality records. 

STRATIGRAPHY 

The Liveringa Formation was formalised by 
Guppy et al. (1958) who also defined and named two 
of its three constituent members (specifically the 
Lightjack and Hardman Members). Subsequent 
mapping (Yeates et al. 1975) resulted in the upgrading 
of the Liveringa Formation to Group status and the 
upgrading of its three members to Formation status. 
The uppermost Hardman Formation was subdivided 
by Yeates et al. (1975) into three members, in ascend¬ 
ing order, the Kirkby Range Member, the Hicks Range 
Sandstone Member and the Cherrabun Member. These 
members have been widely mapped across the northern 
Canning Basin (Towner 1977, 1981, Crowe & Towner 
1981, Gibson & Crowe 1982). The lower Kirkby Range 
Member and the upper Cherrabun Member both 
represent marine incursions while the Hicks Range 
Sandstone Member represents a non-marine interval. 
As yet no published studies have attempted to 


differentiate between the faunas of the two marine 
members. 

FAUNAS, BIOSTRATIGRAPHY AND 
CORRELATION 

It appears clear that previous investigations of 
Hardman Formation brachiopods have included 
materials from both marine members. It is now known 
that the section at Mount Hardman (with a rich series 
of fossil localities) represents the Cherrabun Member 
only (Crowe & Towner 1981). Nevertheless many older 
localities are sufficiently detailed to plot onto the 
modern maps and more recent collections have 
invariably been assigned to members. As a result, 
Table 1 represents a compilation of data in order to 
discriminate between the two faunas. Some brachio¬ 
pod species are shared between the two faunas (such 
as Neosp infer grand is and Tomiopsis hardmani) and 
it is not yet clear whether representatives of the 
Aulostegidae occur in the Kirkby Range Member. All 
species listed for the Cherrabun Member are known 
from localities on and around Mount Hardman (in 
addition, in many cases, to other localities also 
attributed to the Cherrabun Member) that are docu¬ 
mented in the original species descriptions. 

Species recorded in the present assemblage from 
the Kirkby Range Member include Waagenites stani 
sp. nov. (not known elsewhere), Echinalosia 
(Notolosia) millyiti sp. nov., Streptorhynchus luluigui 
and Liveringia magnifica . The last species is 
characteristic of the Kirkby Range Member, being 
known from such localities as N1241 (see Archbold 
1987) and CR 1565 (Lat. 19°4' Long. 125°8'30") as well 
as KNB53 and FL220 (see Archbold 1987), the last two 
being pre-1970s localities apparently from the Kirkby 
Range Member. FL220 and KNB53 have also yielded 
Streptorhynchus luluigui (see Thomas 1958a, p. 65), 
a species not yet found from the Mount Hardman area 
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Table 1 

Distribution of Brachiopods in the Hardman Formation 


Species 

Kirkby 

Range 

Member 

Cherrabun 

Member 

Streptorhynchus luluigui 


_ 

Streptorhynchus sp. cf. 

S. pelargonatus 



Derbyia hardmani 

— 

v/ 

Neochonetes (Somrneriella ) sp. nov. 

— 

V 

Waagenites stani sp. nov. 


— 

Echinalosia ( Notolosia) dickinsi 

— 

>/ 

Echinalosia ( Notolosia) millyiti 
sp. nov. 

>/ 


Liveringia magnifica 


— 

Aulosteges reclinis 

— 

>/ 

Taeniothaerus fletcheri 

— 


Megasteges fairbridgei 

- 

s/ 

Megasteges septentrionalis 

- 

s/ 

Waagenoconcha imperfecta 

— 

'J 

Latispirifer amplissimus 

— 

'S 

Neospirifer grandis 

v/ 

s/ 

Tomiopsis hardmani 

v/ 


Hustedia sp. nov. 

— 


Cleiothyridina sp. 

>/ 

— 

Cleiothyridina pent a 

— 

V 

Cleiothyridina sp. nov. 

— 

V 

Fletcherithyris hardmani 

— 

>/ 

Hoskingia grandis 

- 

>/ 


despite extensive collecting, indicating that it is 
restricted to the Kirkby Range Member. FL220 has 
also yielded Neospirifer grandis and CR1565 has 
yielded Tomiopsis hardmani , both species also being 
found at Mount Hardman in the Cherrabun Member. 

Two features are apparent from Table 1. Firstly, 
the fauna of the Kirkby Range Member as presently 
known is rather impoverished when compared with 


Table 2 

Distribution of Late Permian Brachiopods, 
Port Keats Area 


Species 

Assemblage 

Assemblage 


C 

D 

(Localities 5,6) 

(Localities 1-4) 

Streptorhynchus luluigui 

V 


Derbya hardmani 

— 

V 

Waagenites sp. 

— 

V 

A ulosteges reclinis 


V 

Megasteges septentrionalis 

— 

V 

( -fairbridgei) 



Waagenoconcha imperfecta 

— 

V 

Costiferina thomasi 

_ 

V 

Leptodus nobilis 

_ 

V 

Neospirifer grandis 

>/ 

v/ 

Latispirifer amplissimus 

_ 

V 

Tomiopsis hardmani 


V 

Cleiothyridina sp. nov. 

_ 

V 

Hustedia sp. 

_ 

V 

Stenoscisma sp. 

_ 

V 

terebratulid indet 

— 

V 


that of the Cherrabun Member. Secondly, despite the 
impoverished nature of the fauna, a number of species 
are restricted to the Kirkby Range Member. As a 
result, it is suggested herein that two faunal 
assemblages can be distinguished within the Hardman 
Formation. Hardman Formation faunas have for 
some time been referred to the informally named 
Oppel-zone “Stage F” of Dickins (1963). The scheme 
of Stages outlined by Dickins (1963) has been followed 
in a recent review (Archbold et al. in press) and so the 
two faunas within the Hardman Formation can be 
referred to as FI (The Kirkby Range Member Fauna) 
and F2 (the Cherrabun Member Fauna). Use of FI 
and F2 emphasises the relationships between the two 
subdivisions. In terms of a more formal zonal scheme, 
based on brachiopods, the Kirkby Range Member 
Fauna is named the Liveringia magnified Zone while 
the Cherrabun Member Fauna is named the 
Waagenoconcha imperfecta Zone. These two Zone 
species are both common elements of the faunas in 
which they occur. 

Correlation of the Hardman Formation 
brachiopods has traditionally been with the faunas of 
the Kalabagh Member of the Wargal Formation and 
the Chhidru Formation of the Salt Range, Pakistan 
(Thomas & Dickins 1954, Archbold et al. in press). 
Widespread equivalents of these are known from the 
Himalayas, Tibet, Timor and elsewhere (Archbold & 
Thomas 1986b). In terms of the international Permian 
Timescale, the faunas are generally regarded as being 
younger than Kazanian and older than Djhulfian. The 
name Chhidruan is used herein for this intervening 
time interval for reasons outlined in Archbold et al. 
(in press). 

BONAPARTE BASIN FAUNAS 

The presence of Late Permian faunas in the Upper 
Marine Beds of the Port Keats Group of the Port Keats 
Region, Bonaparte Basin, Northern Territory was 
documented by Thomas (1957, 1958b) who correlated 
them with “the fauna of the Hardman Member of the 
Liveringa Formation”. Thomas (1957) listed two 
assemblages which he regarded as being transitional 
although he noted (1958b, p. 3) that his assemblage 
D was stratigraphically higher than assemblage C. 
Collections made by Thomas have been reviewed and 
are summarized in Table 2. Localities are those 
numbered by Thomas (1957, p. 176). 

The two assemblages in the Port Keats Area match 
closely those of the Hardman Formation with some 
specific variation. Waagenites sp. (from Thomas’ 
Locality 4) is not conspecific with Waagenites stani 
sp. nov. which is a larger species with coarser costae. 
Liveringia magnifica is not known from the Port Keats 
Area. Members of the Aulostegidae are known from 
both Port Keats assemblages indicating their likely 
presence in both Hardman Formation assemblages. 
Some additional elements, such as Leptodus nobilis , 
are known from Assemblage D which are not known 
from the Cherrabun Member. 
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Fig. 1-Location Map, Millyit Range, Canning Basin, Western Australia. 


COLLECTIONS 

The collection from the Kirkby Range Member 
described herein was made by Dr S. K. Skwarko (Geo¬ 
logical Survey of Western Australia), in June 1985, 
from GSWA locality 69561 (Photo reference, Cross¬ 
land Run 3, Photo 5029). The locality is on the western 
rim of the Millyit Range Plateau, about 6 km north 
east of Swordfish Bore (Fig. 1). 

All specimens are preserved as internal or external 
moulds (often ferruginous and hence with fine detail 
preserved) in a buff coloured, at times friable, mica¬ 
ceous, silty sandstone. Latex casts have been made 
from the moulds and these reveal the fine detail of 
the specimens. 

Specimens are registered with the Geological 
Survey of Western Australia (GSWA), Perth and the 


Commonwealth Palaeontological Collections (CPC) 
of the Bureau of Mineral Resources, Geology and 
Geophysics, Canberra. 

All figured specimens of new species, other than 
holotypes are paratypes. 

SYSTEMATIC PALAEONTOLOGY 

Order Strophomenida Opik, 1934 
Suborder Orthotetidina Waagen, 1884 
Superfamily Orthotetacea Waagen, 1884 
Family Streptorhynchidae Stehli, 1954 

Genus Streptorhynchus King, 1850 
Type Species: Terebratulites pelargonatus Schlotheim 
1816. 
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Diagnosis: Streptorhynchidae with non-plicate shells, 
maximum width greater than hinge width, dental 
plates low; dorsal valve convex, cardinal process 
bilobed, sockets deep, socket plates not recurved. 

Discussion: The genus has been fully discussed by 
Thomas (1958a) and distinctions between 
Streptorhynchus and other genera such as Arctitreta 
and Grumantia have been summarised by Waterhouse 
(1982a). 

Streptorhynchus luluigui Hosking 1932 
Fig. 2A-Q 

1932 Streptorhynchus luluigui Hosking, p. 45; pi. 4, 
figs 1-7; pi. 5, figs 1-4. 

1937 Streptorhynchus luluigui Hosking, Clarke, p. 
428. 

1957 Streptorhynchus c.f. luluigui Hosking, 
Thomas, p. 181. 

1958a Streptorhynchus luluigui Hosking, Thomas, p. 
62; pi. 8, figs 9-10; pi. 17, figs 1-5; pi. 19, figs 
3, 6; text fig. 11c. 

1958b Streptorhynchus aff. S. luluigui Hosking, 
Thomas p. 3. 

1958 Streptorhynchus luluigui Hosking, Guppy et al. 
p. 54. 

1969 Streptorhynchus luluigui Hosking, Thomas, p. 

221 . 

Lectotype: Specimen UWA 3040L, from near 
Luluigui Homestead, selected by Thomas (1958a, p. 
62). 

Comments: This species has been well described by 
Hosking (1932) and Thomas (1958a). It is a distinctive, 
large species for the genus. The present suite of speci¬ 
mens conforms well to the range of morphological 
variability recorded for the species by Thomas (1958a). 
A range of specimens is figured herein (Fig. 2) to 
illustrate the variation of the present population and 
a complete synonymy is provided for the species. 

Order Productida Sarycheva and Sokolskaya, 1959 
Suborder Chonetidina Muir-Wood, 1955 
Superfamily Chonetacea Bronn, 1862 
Family Rugosochonetidae Muir-Wood, 1962 
Subfamily Rugosochonetinae Muir-Wood, 1962 

Genus Waagenites Paeckelmann 1930 
= Dienerella Reed 1931 

Type Species: Chonetes grandicosta Waagen, 1884. 


Diagnosis: Small, subquadrate rugosochonetids w 
uniplicate commissure, coarse costae and narrcit* 1 
often deep ventral sulcus. Ventral valve stron. w » 
convex. Dorsal valve weakly to strongly concaved 

Discussion: Questions remain as to the nature a 
variation of the dorsal internal structures of the ty ic * 
species as discussed by Archbold (1983a, p. 71). TP e 
short dorsal median septum, developed only near t^ e 
valve centre as indicated by Muir-Wood (1962) ai ie 
Grant (1976), may not always be a feature of matu^ 
Waagenites. In a well-illustrated study of specime. re 
of Waagenites from Western Yunnan (Fang 1983 15 
smaller specimens possess the short, centrally-located 
median septum (Fang 1983, pi. 2, figs 8, 14) where;*’ 
a larger specimen has a distinct median septum, arisir* s 
anteriorly of a deep alveolus, and distinct lateral sept;£ 
This latter arrangement, close to that of Neochoneti- 
and other rugosochonetids, is also shown b’ 5 
Waagenites stani sp. nov. as described herein an> r 
reinforces the rugosochonetid affinity of Waagenite$ 

In a previous discussion of Waagenites (Archboh* 
1982c), emphasis was placed on the generic important 
of a deep ventral sulcus. The study by Fang (1983 ; 
would indicate that less emphasis should be placed oi* 
this feature (although a narrow sulcus is alway/ 
present). This would then permit Late Permian record* 
of coarsely costate chonetids with shallow sulci from 
China, Japan and the Soviet Far East to be retained 
within Waagenites contrary to Archbold (1982c, p. 6). 

Waagenites , despite a poorly-known, Early 
Permian history, apparently starting in the Sakmarian 
(Mirskaya et al. 1956), became a highly successful Late 
Permian genus throughout the Tethys. It is character¬ 
istic of Late Permian faunas of the Cimmerian 
Province of Gondwana (Archbold 1982c, 1983a) 
including much of Tibet (Jin 1985) and Western 
Yunnan (Fang 1983). It persisted into the Latest 
Permian tropical faunas of China (Liao 1980), 
penetrated the northern subtropical faunas of Japan 
and the Soviet Far East (Tazawa 1976, Likharev & 
Kotlyar 1978) and is now described from the Late 
Permian subtropical faunas of the Westralian Province 
of Gondwana. 

Waagenites stani sp. nov. 

Fig. 3A-L 

Etymology: For Dr S. K. Skwarko, collector of the 
species. 


Fig. 2-A-Q, Streptorhynchus luluigui Hosking. All from GSWA locality 69561. A, GSWA FI 1208, latex 
cast of ventral valve in ventral view, x 1.2 B, GSWA FI 1209, latex cast of juvenile dorsal valve exterior, 
x 1.2. C, GSWA FI 1210, latex cast of dorsal valve exterior, x 1.2. D, GSWA FI 1211, latex cast of portion 
of dorsal valve exterior, x 1. E, GSWA FI 1212, latex cast of portion of dorsal valve exterior, x 1. F, 
GSWA FI 1213, latex cast of submature ventral valve exterior, x 1.2. G-H, GSWA FI 1214, latex cast of 
ventral valve exterior in posterior and ventral views, x 1.2 and x 1. I, GSWA FI 1214, latex cast of juvenile 
ventral valve exterior, x 1.2. J, GSWA FI 1216, latex cast of dorsal valve exterior, x 1.2, note damage 
during juvenile growth stage. K-L, GSWA FI 1217, latex cast of posterior of ventral valve in ventral and 
dorsal views, x 1. M, GSWA FI 1218, latex cast of incomplete dorsal valve exterior, x 1.1. N, GSWA 
FI 1219, latex cast of juvenile ventral valve exterior, x 1.3. O, GSWA FI 1220, dorsal valve internal mould 
in dorsal view, x 1.2. P, GSWA FI 1221, latex cast of juvenile ventral valve exterior, x 1. Q, GSWA FI 1222, 
latex cast of ventral valve interarea, x 1.5. 
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Fig. 3 — A-L, Waagenites stani sp. nov. All from GSWA locality 69561. A, GSWA F11230, latex cast 
from ventral valve internal mould, x 5. B, GSWA FI 1231, Latex cast from ventral valve internal mould, 
x 5. C, F, GSWA FI 1227, latex cast of dorsal valve internal mould of dorsal valve, x 5. D, GSWA FI 1224, 
latex cast of dorsal valve external mould, x 4.5. E, GSWA FI 1225, latex cast of dorsal valve external 
mould, x 5.5. G, GSWA FI 1223, holotype, dorsal valve external mould, x 5. H-I, GSWA FI 1226, latex 
cast of dorsal valve and external mould of dorsal valve, x 5.5. J-K, GSWA FI 1228, external mould of 
ventral valve and latex cast from mould, x 5.5. L, GSWA FI 1229, latex cast from ventral valve external 

mould, x 5. 


Holotype: GSWA FI 1223, an external mould of a 
dorsal valve. 

Material: GSWA FI 1223-11231, 4 dorsal valve, 
external moulds; 1 dorsal valve, internal mould; 2 
incomplete ventral valve, external moulds; and, 2 
ventral valve, internal moulds, all from GSWA locality 
69561. 

Size Ranges: Hinge width, 6.5-8.9 mm; maximum 
width, 7.3-9.5 mm; ventral valve height, 7.1-7.8 mm; 
dorsal valve height, 4.7-6.1 mm. 


Diagnosis: Small, subquadrate shells with coarse 
costae, deeply-convex ventral valve with shallow 
sulcus, feebly-concave dorsal valve with low median 
fold. 

Description: Shells small, transverse, subquadrate in 
outline with deeply-convex ventral valve and feebly- 
concave dorsal valve. Ventral umbo low, incon¬ 
spicuous. Cardinal extremities rounded. Ventral inter¬ 
area distinct, bisected by relatively large delthyrium. 
Ventral exterior with coarse costae, increasing by 
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branching, on valve flanks and in sulcus; concentric 
growth lamellae indistinct. Sulcus narrow, broadens 
towards commissure, remains shallow. 

Ventral teeth relatively large, blunt. Ventral 
median septum distinct, coarse, arises under 
delthyrium, extends forward for some two-thirds of 
valve length. Muscle scars and pustules not visible. 

Dorsal valve with low median fold, broadening 
anteriorly. External ornament of distinct growth 
lamellae and coarse costae increasing by branching. 
Cardinal process wide, blunt, posterior of relatively 
large, deep alveolus. Socket ridges distinct. Median 
septum arises anteriorly of alveolus and continues 
forward for half of valve length as distinct, fine 
structure. Short lateral septa, arising close to origin 
of median septum, distinct. Brachial ridges broad, low. 
Anterior of valve interior with radiating rows of 
pustules. 

Discussion: Waagenites stani sp. nov., the first 
described species of the genus from the Australian 
continent, is known from only one locality and on the 
basis of a small collection preserved in an unfavour¬ 
able matrix. Nevertheless, despite the fact that the 
genus has been widely recorded from elsewhere for 
many years, most species are known only from ventral 
valves. Waagenitesyunnanensis Fang (1983, pi. 1, figs 
12a-g; pi. 2, figs 1-3) is perhaps closest to the new 
species, possessing a comparable dorsal interior at 
maturity, but with a shorter ventral median septum 
and well-demarcated, ventral, vascular trunks. Other 
species described by Fang (1983) are often based on 
smaller specimens that may be juvenile or submature 
specimens. The age of the Yunnan species is compar¬ 
able with that of Waagenites stani sp. nov. 

A single specimen attributable to Waagenites is 
known from assemblage D of the Upper Marine Beds, 
Port Keats Group, Northern Territory. The specimen 
comprises both the external and internal moulds of 
a small ventral valve and possesses a deeper sulcus and 
shorter, posteriorly-located, median septum than 
Waagenites stani sp. nov. 

Suborder Strophaloshdina Waterhouse, 1975 

Super family Strophalosiacea Schuchert, 1913 
Family Strophalosiidae Schuchert, 1913 

Subfamily Strophalosiinae Schuchert, 1913 

Genus Echinalosia Waterhouse, 1967 
Subgenus Echinalosia (Notolosia) Archbold, 1986 
Type Species: Echinalosia (Notolosia) dickinsi 
Archbold, 1986. 

Discussion: The genus and subgenus have been 
diagnosed and discussed by Archbold (1986). When 
describing the type species. Archbold (1986, p. 116) 
referred several large natural casts of ventral valves 
with coarse anterior spines to it, attributing the coarse¬ 
ness of the spines to the nature of the preservation. 
New material from locality 69561 indicates the 
presence of a species with relatively coarse ventral 
spines in the Kirkby Range Member which is referred 
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to Echinalosia (Notolosia). The natural casts previ¬ 
ously figured by me (1986, Fig. 6I-N), also from the 
Kirkby Range Member, are now referred to the new 
species Echinalosia (Notolosia) millyiti. 

Echinalosia (Notolosia) millyiti sp. nov. 

Fig. 4A-M 

1986 Echinalosia (Notolosia) dickinsi Archbold, 
(partial), p. 116, fig. 6I-N, ( non cet.). 

Etymology: From the Millyit Range, Canning Basin. 

Holotype: GSWA FI 1232, a ventral valve, external 
mould with counterpart internal mould also preserved. 

Material and Localities: CPS 24468-24472, five 
natural casts of ventral valves from BMR locality 
N1241, Lat. 19°06'38"S, Long. 129°11'27"E, Kirkby 
Range Member, Hardman Formation. CPC 19144, a 
natural cast of a dorsal valve, same locality and 
horizon. GSWA FI 1232-11236, 4 ventral valve, exter¬ 
nal moulds (GSWA FI 1232 also with internal mould) 
and 1 dorsal valve, external mould from GSWA lo¬ 
cality 69561. 

Size Ranges: Hinge width, 5.5-15.5 mm; maximum 
width, 10.4-26.5 mm; ventral valve height, 9.3-22.5 
mm; dorsal valve height, 12.8-20.0 mm; shell 
thickness, 7.5-12.1 mm; ventral interarea height, 2.3- 
2.5 mm. 

Diagnosis: Medium-sized shells with narrow hinge and 
transversely-oval outline in maturity. Cicatrix large 
and prominent. Ventral ornament of concentric 
lamellae and medium to coarse, scattered to subcon- 
centrically-arranged, spines. Spines clustered on 
posterior valve margins recumbent near cicatrix. 
Dorsal exterior with scattered dimples, concentric 
lamellae and traces of minute spines. 

Description: Medium-sized shells, transversely oval 
at maturity. Hinge width varies from one half to three 
fifths maximum width. Hinge extremities rounded 
throughout ontogeny. Ears not developed. Ventral 
valve strongly convex. Maximum width at about two- 
thirds of length of shell from umbo at maturity. Umbo 
flattened by cicatrix of attachment which is large, 
prominent and reflects the initial object of attachment 
(two specimens reflect the ribbing of a shell —to judge 
from the rib size probably Streptorhynchus luluigui). 

Ornamentation of ventral valve consists of 
concentric lamellae (best developed on valve anterior 
at maturity) and spines. Spines scattered over valve 
subconcentrically, relatively coarse (up to 0.7 mm thick 
on anterior of holotype, approach 1.0 mm in thickness 
on anterior of larger specimens), and spaced at 1 to 
2.5 mm intervals over venter. Spines more closely 
spaced over posterior lateral flanks (either side of large 
cicatrix) and long (up to 6 mm long on GSWAF 
11234). Spines close to cicatrix, at times adherent to 
shell. 

Interareas distinct, flat, extend full width of shell. 
Ventral interarea high, striated parallel to hinge, 
bisected by narrow, triangular delthyrium with flat 
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pseudodeltidium with anterior V-shaped notch. Dorsal 
interarea low, poorly known. 

Dorsal valve gently convex initially (correspond¬ 
ing to initial flat cicatrix), becomes gently concave sub¬ 
sequently with anterior gentle geniculation. Concentric 
lamellae present. Dimples coarse, scattered over valve 
exterior. Fine dorsal spines present (minute, 0.1 mm 
thick on GSWAF 11236 which only retains traces of 
4 or 5 spines on lateral margin probably because of 
relatively coarse matrix). 

Ventral teeth small, weakly divergent, protrude at 
same level as interarea. No marginal ridge developed. 
Adductor scars situated on region of cicatrix, smooth. 
Diductor scars large, coarsely striate. Anterior of valve 
interior pitted and striate. 

Cardinal process unknown. Dorsal median septum 
prominent, bisects adductor scars which are smooth 
and not differentiated. Region of brachial ridges 
smooth resulting in demarcation of brachial ridges. 
Anterior of valve strongly pustulose. 

Discussion: The new species is referred to Echinalosia 
(Notolosia) on the basis of its consistently-large cicatrix 
of attachment and the nature of its exterior ornament. 
Better-preserved, dorsal exteriors would confirm the 
details of dorsal spinosity. The coarser ventral spines 
and larger size of the species serve to differentiate the 
species from E. (N) dickinsi Archbold (1986) which 
also is characterized by more closely-spaced ventral 
spines (now being based exclusively on Mount 
Hardman, Cherrabun Member specimens). 

No other species are known with certainty to fall 
within the concept of Echinalosia (Notolosia) however 
Echinalosia minuta (Ching in Chang & Ching 1976, 
p. 168, pi. 1, figs 25-27 and text fig. 4) could be allied 
judging from its coarse ventral spines and its possible 
large cicatrix of attachment (subject to interpretation 
of Ching’s text fig. 4). The Strophalosia indica of 
Waagen (1884, p. 648, pi. 65, figs 1-4) may also be 
allied as several specimens possess a cicatrix of reason¬ 
able si/e (Waagen 1884, pi. 65, figs 2b, 2c, le, lc). 

Genus Liveringia Archbold 1987 
Type Species: Liveringia magnifica Archbold 1987. 

Discussion: This distinctive genus is only known from 
Western Australia by its type species. In general terms 
the genus shares features with Wyndhamia Booker 
(1929) and the species described as Wyndhatnia 
circulars Chang (in Chang & Ching 1976, p. 166, 
pi. 2, figs 1-15; see also Jin 1985, p. 58, pi. 2, figs 2- 
3, 6, 9, 12) but is distinguished from those by details 
of external ornament as discussed by Archbold (1987). 
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The Aulostegessp. of Yang and Zhang (1982, p. 312, 
pi. 1, figs 2-4) represents additional illustrations of 
Wyndhamia circular is Chang. 

Liveringia magnifica Archbold 1987 
Fig. 5A-J 

1987 Liveringia magnifica Archbold, p. 32; figs 6A- 
L, 7A-L 

Holotype: Specimen CPC 26450, from near mouth 
of Nerrima Creek, Canning Basin, apparently Kirkby 
Range Member. 

Comments: The present suite of specimens extends the 
range of size from the previous description but offers 
no new morphological information. A range of speci¬ 
mens is figured herein to illustrate the variation of the 
present population. 

Order Athyridida Dagys, 1974 
Suborder Athyrididina Boucot, Johnson & 
Staton, 1964 

Superfamily Athyridacea M’Coy, 1844 
Family Athyrididae M’Coy, 1844 
Subfamily Athyridinae M’Coy, 1844 

Genus Cleiothyridina Buckman, 1906 
Type Species: Atrypa pectinifera Sowerby 1840. 

Diagnosis: Weakly-folded Athyridinae with small 
foraman. Growth lamellae closely spaced with raised 
edges and short, flat, uniramous spines. Ventral valve 
with dental plates; dorsal valve with perforated hinge 
plate. 

Discussion: The present material (a single dorsal valve 
internal mould and a poor internal mould of a con¬ 
joined shell) adds nothing to the generic understand¬ 
ing. It is compared with the species Cleiothyridina 
penta Prendergast (1935) which may be better assigned 
to Pinegathyris Grunt (1980). That species will be 
described fully elsewhere in a study on Western 
Australian Permian athyrids by Dr G. A. Thomas and 
myself. 

Cleiothyridina sp. 

Fig. 6A-C 

Comments: A large species of Cleiothyridina s.l. is 
represented in the present collections by an internal 
mould of a dorsal valve and an internal mould of a 
shell. A distinct dorsal fold is present and a low fasti- 
gium with a corresponding shallow ventral sulcus. The 
ventral muscle field is large and deeply impressed and 
the dorsal median septum is distinct. 


Fig. 4 _a-M, Echinalosia ( Notolosia) millyiti sp. nov. A-C, E-J, L-M, all from GSWA locality 69561; 
D, K, from BMR locality N1241. A-C, GSWA FI 1233, latex cast of ventral valve exterior, external mould 
of ventral valve and the latex cast, x 4.5, x 3.5, x 1. D, CPC 19144, natural cast of dorsal valve interior, 
x 3. E, F, H, GSWA FI 1236, latex cast of dorsal valve external mould, x 3.5 and x 1 and dorsal valve 
external mould, x 2.5. G, L-M, GSWA FI 1232, holotype, latex cast of ventral valve external mould and 
internal mould of ventral valve in postero-vcntral and ventral views, x 2.2, x 3 and x 3. I, GSWA FI 1234, 
latex cast of ventral valve external mould, x 2.2. J, GSWA FI 1235, latex cast of ventral valve external 
mould, x 2.2. K, CPC 24468, natural cast of ventral valve showing ventral interarea, x 3. 
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Fig. 6 —A-C, Cleiothyridina sp. All from GSWA locality 69561. A, GSWA FI 1245, internal mould of 
dorsal valve, x 1.2. B-C, GSWA FI 1246, internal mould of shell in ventral and dorsal views, x 1. 


Preservation of neither specimen permits close 
comparison with other species but details of the gross 
morphology suggest a relationship with Cleiothyridina 
penta Prendergast (1935), an apparently smaller 
species from the Cherrabun Member that may also be 
assigned to Pinegathyris. Prendergast’s species had 
previously been referred by Chapman (1924a, 1924b, 
1925), Glauert (1926, p. 47) and Blatchford (1927, p. 
19) to such European Carboniferous species as 
“ Athyris ” roysii and “Athyris” lamellosa. 
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PERMIAN BRACHIOPODA AND BIVALVIA FROM 
SAHUL SHOALS NO. 1, ASHMORE BLOCK, 
NORTHWESTERN AUSTRALIA 

By N. W. Archbold 

Department of Geology, University of Melbourne, Parkville, Victoria 3052. 

Abstract: The brachiopod and bivalve fauna of the Permian limestone of the Sahul Shoals No. 1 
bore core, northwestern Australia is described and the following forms recognised: streptorhynchid frag¬ 
ments, strophalosiid? indet., Waagenoconcha sp., Neospirifer sp., Elival sp., Gjelispinifera sp., terebratulid 
indet., Etheripectenl sp. and Cyrtorostra sp. The fauna is interpreted as indicating the palaeogeographi- 
cal proximity of the sites of deposition of the Sahul Shoals Late Permian limestone and the Late Permian 
limestones of the Maubisse Formation of Timor. 


Sahul Shoals No. 1 well was drilled in late 1969 and 
early 1970 by Burmah Oil Company of Australia 
Limited (BOCAL). The well is located (Fig. 1) at the 
western end of the offshore Bonaparte Basin 
(11°25'36"S, 124°32'50"E), 375 km northwest of Cape 
Londonderry, Western Australia and 137 km south 
of Timor, Indonesia (Jones & Nicoll 1985). The well 
is situated on the northeastern end of the Ashmore 
Block (Laws & Kraus 1974, fig. 4, p. 78), close to 
where this structure is truncated by the Timor Trough 
(Kraus & Parker 1979). 

Sited in 28 m of water, the well was drilled to a 
total depth of 3802 m (Jones & Nicoll 1985). The origi¬ 
nal well completion report has not been published but 
subsequent investigations on portions of the core 
(Skwarko & Kummel 1974, Jones & Nicoll 1985, Helby 
et al. 1987) have refined correlations for the Triassic 
sections of the core. Little has been published on the 
bottom 53 m of the core which consists of recrystal¬ 
lised Permian limestone (Jones & Nicoll 1985). 

PERMIAN INTERVAL 

The original determination of a Late Permian age 
for the light-coloured limestone was made by K. S. 
W. Campbell, in the unpublished BOCAL report, on 
the basis of Bryozoa and Brachiopoda present in the 
core. Campbell's age determination was published by 
Runnegar (1977, p. 5, 1979, p. 146) while noting a per¬ 
sonal communication from Campbell that the lime¬ 
stone “contains incomplete specimens of Neospirifer 
of the type found in Basleo, Timor”. The existence 
of Permian limestone from Sahul Shoals No. 1 had 
previously been mentioned by Skwarko and Kummel 
(1974) and Laws and Kraus (1974), the latter .also 
indicating that the sediments were Upper Permian in 
age. Veevers (1984, p. 114) also repeated Campbell's 
Late Permian age determination. 

MATERIAL 

The limestone is a fine-grained, light-grey, 
recrystallised biomicrite with patches of creamy-white, 
coarse, sparry calcite (crystals up to 0.75 cm long). 
Some of the sparry calcite is related to crinoid debris. 


Secondary calcite veins and stylolites are common. 
Macrofossils are invariably incomplete and difficult 
to prepare. Nevertheless, even small fragments may 
preserve details of surface ornament and hence can 
be referred with confidence to a particular family. 
Other specimens can be identified down to the generic 
level and hence compared in general terms with known 
species. 

All figured specimens are housed in the Common¬ 
wealth Palaeontological Collections (CPC) of the 
Bureau of Mineral Resources, Geology and 
Geophysics, Canberra, A.C.T. 

PALAEOGEOGRAPHY 

The presence of Late Permian limestone on the 
outer edge of the northwestern shelf of the Australian 
continent, relatively close to Timor, has been men¬ 
tioned in several investigations concerned with the rela¬ 
tionship during Permian times of the Permian 
Maubisse limestones of Timor with Permian sedimen¬ 
tation of northwestern Australia (e.g., Hamilton 1979, 
Runnegar 1984, Veevers 1984). The tectonic relation¬ 
ship of Timor to Australia, including the “indubitably 
autochthonous terrain” of the Sahul Shelf (Veevers 
1984, p. 113) is complex and three broad models have 
been proposed to explain the relationship (see Barber 
1981, Berry et al. 1984, Veevers 1984; p. 113 for sum¬ 
maries). Much argument has centred on whether the 
Permian Maubisse Formation, which has yielded most 
of the rich brachiopod faunas of Timor, was 
allochthonous or autochthonous at the time of depo¬ 
sition to the Australian continental margin (Crostella 
1977, Chamalaun & Grady 1978, Audley-Charles 
1983). 

Critical to the above debate is the detailed re¬ 
examination and biostratigraphical analysis of perti¬ 
nent Permian faunas from Timor and northwestern 
Australia. As a result, this study describes and figures 
the available material from Sahul Shoals No. 1 and 
concludes that the brachiopods and bivalves strongly 
indicate a close relationship between the Sahul Shoals 
fauna and the faunas of the Basleo age localities of 
Timor and the Hardman Formation (Canning Basin) 
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and Upper Marine Beds of the Port Keats Group 
(Bonaparte Gulf Basin), northwest Australia. All these 
faunas, including the present Sahul Shoals fauna, are 
considered to be “Chhidruan” (i.e. immediately post 
Kazanian) in age (e.g. see Archbold & Thomas 1986a) 
and hence supports the original age determination by 
Campbell. The close relationship of the Sahul Shoals 
fauna with those of Basleo and correlative localities 
in the Maubisse Limestones of Timor indicates ease 
of interchange and migration between the two regions. 
The similarity of faunas is interpreted as reflecting the 
palaeogeographical proximity of the two depositional 
areas during the Late Permian. 

IDENTIFICATIONS AND DISCUSSION 

Table 1 provides details of the available core 
samples and the identifications determined. Identifi¬ 
cations are discussed below under the headings 
Brachiopoda and Bivalvia. The material is not ade¬ 
quate for full formal descriptions. 


Brachiopoda 

Streptorhynchid indet. (Fig. 2A-B) 

Two fragments indicate the presence of the family 
Streptorhynchidae in the fauna. Costae increase by 
intercalation and rarely by bifurcation. Widely-spaced, 
major growth stages occur on both fragments. The 
larger fragment (with coarser costae) indicates a large 
shell (over 3 cm in width). Costae on the smaller frag¬ 
ment (submature or juvenile shell?) number about 6 
per 2 mm; on the larger fragment costae number 
between 2 and 4 per 2 mm. 

Although the fragments are inadequate for detailed 
comparison with described species, it can be noted that 
large streptorhynchids occur in correlative faunas at 
Basleo, Timor (Brolli 1916) and in northwestern Aus¬ 
tralia (Archbold 1988). 

Strophalosiidl indet. (Fig. 2C) 

A small fragment of a strongly-convex valve with 
distinct spine bases appears to indicate the presence 


Fig. 2-A, streptorhynchid fragment, CPC 19853, x 1.4. B, streptorhynchid fragment, CPC 19857, x 1.4. 
C, strophalosiid? latex cast of fragment of ventral valve, CPC 19893, x 1.5. D-G, Waagenoconcha sp., 
ventral valve in ventral, lateral, posteroventral and ventral views, CPC 19891, x 1.5 and x 2. H, Waagenocon¬ 
cha sp., latex cast of portion of ventral valve, CPC 19892, x 1.5. I, Neospirifer sp., portion of shell, CPC 
19858, x 1.5. J, Neospirifer sp., latex cast of portion of shell, CPC 19859, x 1.3. K, Neospirifer sp., por¬ 
tion of ventral valve, CPC 19852, x 1. L, M, Neospirifer sp., incomplete dorsal valve in dorsal and antcro- 
dorsal views, CPC 19856, x 1. N, O, Neospirifer sp., external mould of portion of shell and latex cast, 
CPC 19890, x 1 and x 1.25. P, Q, Elival sp., incomplete ventral valve in ventral and postero-ventral views, 
CPC 19861, x 1.5. R, S, Gjelispinifera sp., dorsal valve and latex external mould, CPC 19855, x 1.2 and 
x 1.6. T, U, terebratulid indet., ventral valve in ventral and antero-ventral views, CPC 19860, x 1.3. V, 
Cyrtorostra sp., incomplete valve, CPC 19854, x 2. W, Etheripectenl sp., fragment of valve, CPC 19862, 
x 1.4. 
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Table 1 

Sample Depth and Identifications. 


Sample Depth 
(metres) 

Identification 

Specimen Number 

3797.81 

Neospirifer sp. 

CPC 19852 


strophalosiid? fragment 

CPC 19893 

3797.88 

streptorhynchid fragment 

CPC 19853 


Cyrtorostra sp. 

CPC 19854 

3797.96 

Gjelispinifera sp. 

CPC 19855 

3798.49 

Neospirifer sp. 

CPC 19856 

3798.65 

streptorhynchid fragment 

CPC 19857 


Neospirifer fragments (2) 

CPC 19858-19859 

3798.72 

plicate terebratulid 

CPC 19860 


Eliva ? sp. 

CPC 19861 

3798.87 

Etheripecten’l sp. 

CPC 19862 

3799.03 

Neospirifer sp. 

CPC 19890 


Waagenoconcha sp. 

CPC 19891 

3799.13 

Waagenoconcha 



fragment 

CPC 19892 


of a small strophalosiid in the fauna. The specimen 
is inadequate for detailed comparison with known spe¬ 
cies but it can be noted that small strophalosiids are 
known from the late Permian faunas of Timor (Broili 
1916) and northwestern Australia (Archbold 1988). 

Waagenoconcha Chao, 1927 
Waagenoconcha sp. (Fig. 2D-H) 

A small, immature, ventral valve and a small frag¬ 
ment of an external mould of an immature ventral 
valve indicate the presence of Waagenoconcha. 
Although decorticated, traces of spine bases in a sub- 
quincunxial pattern are visible as are widely-spaced, 
concentric, growth stages on the complete ventral 
valve. Spine bases are fine (2 to 3 per 1 mm at 0.5 cm 
from umbo; 1.5 to 2 per 1 mm at 1.2 cm from umbo). 
No ventral sulcus is indicated although by the anterior 
of the ventral valve (1.5 cm from umbo) a median flat¬ 
tening of the valve is developed. 

Large Waagenoconcha is a feature of Basleo 
faunas of Timor (Archbold & Bird in press) and 
Chhidruan faunas of northwestern Australia (Arch- 
bold 1988). The fine spine bases indicate a slightly 
closer relationship to the northwestern Australian spe¬ 
cies (Archbold & Bird in press). Fine spine bases are 
a common feature of Late Permian species of 
Waagenoconcha (e.g., see Tazawa 1974). 

Neospirifer Fredericks, 1924 
Neospirifer sp. (Fig. 21-0) 

Neospirifer is well represented in Sahul Shoals 
No. 1. Fragments vary in size but a large species is 
indicated with low lateral plications, fine ribs, a broad 
ventral sulcus and a distinct dorsal fastigium. 

Large Neospirifer species with the above general 
characters are characteristic of the Chhidruan faunas 
of Timor (Broili 1916, Archbold & Bird in press) and 
northwestern Australia (Archbold & Thomas 1986b). 


Eliva Fredericks, 1924 
Eliva? sp. (Fig. 2P-Q) 

An incomplete, apparently elongate, non-thickened 
spiriferid ventral valve indicates the presence of Eliva 
or an allied genus in the fauna. The genus Eliva has 
been interpreted by Archbold & Bird (in press) to 
include a species from Maubisse Formation outcrops 
near Kasliu Village, West Timor. The Timor species, 
from a fauna correlated with the Basleo locality, is 
more elongate than the present specimen but exhibits 
weakly-developed fasciculation of fine costae similar 
to that of the specimen from Sahul Shoals. No com¬ 
parable form is known from northwestern Australia. 

Gjelispinifera Ivanova, 1975 
Gjelispinifera sp. (Fig. 2R-S) 

1916 Spiriferina cristata sensu Broili, p. 47, pi. 9, 
figs 2-6. 

non 1816 Terebratulites cristatus von Schlotheim, p. 
28, pi. 1, figs 3a-3c. 

A decorticated, transverse, dorsal valve demon¬ 
strates the presence of a spiriferinid in the Sahul Shoals 
fauna. Five or possible six lateral plicae are present 
on the valve flanks and the prominent fastigium car¬ 
ries a low subsidiary plication on each flank. Exter¬ 
nal micro-ornament is not preserved and punctae are 
poorly preserved in the shell structure. 

The relatively large size of the specimen and the 
number of lateral plicae suggest a close comparison 
with the Spiriferina cristata of Broili (1916, especially 
pi. 9, fig. 3). Broili’s species is large and some speci¬ 
mens possess subsidiary plicae on the flanks of the 
fastigium. Broili’s species requires renaming and 
assigning to Gjelispinifera , as indicated by Ivanova 
(1975); it is not close to Schlotheim’s (1816) species, 
the type species of Spiriferellina Fredericks (1924). 
Examples of Broili’s species, collected by Dr P. Bird 
from Basleo, Timor, confirm the generic assignment 
to Gjelispinifera. 
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No comparable species to the specimen from Sahul 
Shoals are known from the onshore Late Permian 
faunas of northwestern Australia. 

Terebratulid indet. (Fig. 2T-U) 

An elongate, trigonal ventral valve with an 
anteriorly-developed, broad, shallow sulcus, which in 
turn carries a broad, low, median fold suggests the 
presence of Hoskingia (Campbell 1965) or a related 
genus. Species of Hoskingia are common in the Late 
Early Permian faunas of Western Australia and they 
can be of relatively small size (e.g. Campbell 1965, 
pi. 10, fig. 1). The Late Permian northwestern Aus¬ 
tralian species of the genus is huge (Campbell 1965) 
and hence is not close to the present specimen. 

Hoskingia is not known with certainty from Timor 
although the Dielasma biplex of Hamlet (1928, pi. 10, 
fig. 10) from Nefotassi, is a small shell comparable 
in size with the present specimen; it is, however, less 
trigonal in outline. Judging from the species list for 
Nefotassi (Hamlet 1928, pp. 110-113), the locality is 
a correlative of Basleo. 

BlVALVIA 

Etheripecten Waterhouse, 1963 
Etheripecten? sp. (Fig. 2W) 

A single fragment of an apparently large, gently- 
convex valve probably represents a piece of a large 
bivalve shell. Costae are narrow, sharp, simple and 
increase by intercalation and are separated by broad, 
flat-based interspaces. Concentric growth lines form 
a small pustule where costae are crossed. The micro¬ 
ornament is of fine radial capillae. Growth lines arch 
centrally over the costae. 

Etheripecten is abundant in the Permian faunas 
of Western and eastern Australia and New Zealand 
(Archbold & Skwarko 1988). The genus has not been 
formally described from Timor although A viculopec- 
ten sp. from Noil Boenoe (Hamlet 1928, pi. 12, 
fig. 12) may indicate the presence of the genus. 

Cyrtorostra Branson, 1930 
Cyrtorostra sp . (Fig. 2V) 

Portion of a right valve indicates the presence of 
Cyrtorostra. Costae are sharp and strong with strong 
secondaries arising in the interspaces. Cyrtorostra is 
present in Timor (Branson 1948) in the form of the 
Oxytoma atavum of Hamlet (1928, pi. 12, figs 1-3), 
a form with somewhat similar, sharp costae overlay¬ 
ing broad plicae. The Timor species is from Fateo 
Koeat, a locality correlated with Basleo. 

As yet, Cyrtorostra is not known from the Late 
Permian of Western Australia. 
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description of a new genus of leptophlebiid 

MAYFLY FROM AUSTRALIA (EPHEMEROPTERA: 
LEPTOPHLEBIIDAE: ATALOPHLEBIINAE) 

By J. C. Dean 

Water Sciences Laboratories, Melbourne and Metropolitan Board of Works, 68 Ricketts Road, 

Mount Waverley, Victoria 3149 

Abstract: The genus Neboissophlebia is established to accommodate two species of leptophlebiid may¬ 
flies, N. hamulata sp. nov. from south-eastern Australia, and N. occidentalis sp. nov. from south-western 
Australia. Male and female imagos, subimagos, and nymphs are described for both species. 


The systematics of Australian mayflies have for 
many years been neglected. The Australian fauna is 
dominated by the family Leptophlebiidae, but, despite 
early contributions by Tillyard (1934, 1936) and 
Harker (1950, 1954, 1957), and recent publications by 
Campbell and Peters (1986), Suter (1986) and Dean 
(1987), many genera remain undescribed or inade¬ 
quately described. The following account establishes 
a new genus for two new species of Leptophlebiidae, 
one from south-eastern Australia and the other from 
south-western Australia, 

All observations have been based on material 
preserved in alcohol. Holotypes and paratypes are 
lodged in the Museum of Victoria, Melbourne (MVM). 
For drawing, wings have been mounted on a slide, 
photographed, and traced from a projected trans¬ 
parency. Other imago and nymphal parts have initially 
been drawn unmounted, and then prepared for 
detailed examination by mounting in polyvinyl 
alcohol-lactophenol. All measurements have been 
made using an eye piece graticule. 

Genus Neboissophlebia gen. nov. 
Diagnosis: Imago. Length of male: body, 6.8-8.4 mm; 
forewings, 7.1-8.3 mm. Length of female: body, 6.2- 
8.3 mm; forewings, 7.3-9.0 mm. Forewing: length 2.8- 
3 . IX width (Figs 1,26); membrane hyaline, costal and 
subcostal cells in apical third of wing translucent, 
whitish; costal crossveins in basal half of wing weakly 
developed and inconspicuous, or absent, usually 9-14 
costal crossveins in distal half of wing; vein Rs forked 
0.20-0.25 distance from base to wing margin; vein MA 
forked less than to a little more than 0.5 distance from 
base to wing margin, fork symmetrical; MP 2 attached 
at base by crossvein to MP, at 0.20-0.23 distance from 
base of MP, to wing margin; ICu, and ICu 2 parallel 
or very slightly diverging as wing margin approached, 
never linked by crossveins or with an intercalary; ICu, 
usually linked to CuA-CuP crossvein; forewing 4.9- 
6.3X length of hindwing. Hindwing: length 1.7-1.8X 
width (Figs 2, 27); costal margin with shallow con¬ 
cavity just beyond midpoint, distal to this costal space 
narrowing gradually; vein Sc joining costal margin at 
0.66-0.76 wing length. Length ratios of segments in 
forelegs of male 0.64-0.72; 1.00 (2.2-2.6 mm); 0.04- 


0.05; 0.33-0.40; 0.38-0.46; 0.26-0.39; 0.10-0.12. Tarsal 
claws dissimilar, one with an apical hook and oppos¬ 
ing ventral flange, the other swollen and without a 
hook (Fig. 9). Male genitalia: penes fused in basal half 
only (Figs 7, 8, 29, 30); each lobe with outwardly- 
directed, terminal projection, sperm duct opening at 
apex of projection; length of styliger plate along 
median line a little less than 0.4X maximum width. 
Female genitalia: sternum 9 with deep apical cleft (Figs 
11,31); genital extension on sternum 7 small, extend¬ 
ing less than 0.1 along length of sternum 8 (Fig. 10). 
Terminal filament a little longer than cerci. 

Mature nymph. Antennae 1.5-2.OX length of head. 
Lateral margins of clypeus diverging slightly to 
anterior. Width of tentorial body decidedly greater 
than length. Labrum: subequal or slightly wider than 
clypeus; width 2.3-2.5X length along median line (Figs 
17, 32); anterior margin concave, with five inconspic¬ 
uous denticles; secondary hair fringe set back from 
anterior margin 0.4-0.5 length along median line. Man¬ 
dibles: outer margin evenly rounded; sparse tuft of 
long hairs at midpoint and scattered long hairs basal 
to this (Fig. 20); incisors slender, with three apical 
teeth; prosthecal tuft well developed. Maxilla: galea- 
lacinia with a row of about 18 sub-apical ribbon-like 
pectinate setae (Fig. 18), and at inner end of row a 
sclerotised comb-like seta; below the row of setae a 
V-shaped ridge, extended into a sclerotised projection, 
directed inwards; maxillary palp moderately large, ter¬ 
minal segment about 0.7X length of middle segment, 
middle segment with simple setae only. Hypopharynx 
(Fig. 19): lingua with well-developed lateral processes, 
anterior margin shallowly cleft. Labium (Figs 21-23): 
glossae turned down ventrally, not lying in same plane 
as paraglossae; terminal segment of labial palp sub- 
triangular, length about 2X width at base, inner 
margin with series of short spines in apical half; ter¬ 
minal segment about 0.8X length and 0.9X width of 
middle segment. Pronotum with short spines on 
antero-lateral margins, and sparse setae on lateral mar¬ 
gins. Foreleg: sharp spines and scattered long hairs 
along outer margin of femur (Fig. 14); extremely-finely 
bipectinate spines on ventral margin of tibia (Fig. 15); 
18-40 simple ventral spines on tarsus; tarsal claws 
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Figs 1-11 — Neboissophlebia hamulata. 1 , Wings, male imago; 2, Hindwing enlarged, male imago; 3 , Eyes, 
ater ? ’ male imago; 4. Eyes, dorsal, male imago; 5, Abdominal segments 5 to 10, dorsal, male imago; 
6, Abdominal segments 5 and 6, lateral, male imago; 7, Male genitalia, lateral; 8, Male genitalia, ventral; 
V, Fore tarsal claws, male imago; 10, Sternum 7, female imago; 11, Sternum 9, female imago. Scale lines: 
0.02 mm (Fig. 9); 0.2 mm (Figs 7, 8, 10, 11); 0.4 mm (Figs 2-6); 1.0 mm (Fig. 1). 


smooth (Fig. 16). Abdomen: postero-Iateral spines on 
abdominal segments 5 (small)-9; posterior margins of 
abdominal terga with short backwardly-directed 
spines, arranged in groups of 3-6, and with scattered 
longer hairs (Fig. 24). Gills: lamellae double (Fig. 13), 
on abdominal segments 1-7; each lamella long and 
narrow, main tracheal trunk without lateral branches 
and 0.3X width of lamella. Terminal filament a little 
longer than cerci. Midlength segments of caudal fila¬ 


ments with apical whorl of short denticles and long 
setae (Fig. 25). 

Type Species: Neboissophlebia hamulata sp. nov. 

Etymology: The genus is named for Dr Arturs 
Neboiss, in recognition of his contributions to the sys- 
tematics of the freshwater insects of Australia. 

Remarks: Neboissophlebia can be distinguished from 
all other genera of Leptophlebiidae by the following 
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combinations of characters. Imago. (1) Tarsal claws 
dissimilar (Fig. 9); (2) Sternum 9 of female with deep 
apical cleft (Fig. 11); (3) hindwing not greatly reduced, 
without a costal projection (Figs 1, 2); (4) Forewing 
with veins ICu, and ICu 2 parallel, never linked by 
crossveins or with an intercalary (Fig. 1). Nymph. 
(1) Tarsal claws smooth (Fig. 16); (2) Labrum with 
secondary hair fringe set back from anterior margin 
at about midlength of median line (Fig. 17); (3) Gills 
double, on abdominal segments 1 to 7; (4) Gills with 
lamellae long and narrow, tracheae without lateral 
branches (Fig. 13); (5) Foretibia with ventral spines 
extremely-finely bipectinate (Fig. 15). 

Within the Australian fauna, there is some evi¬ 
dence that Neboissophlebia is most closely related to 
Jappa and Ulmerophlebia. Derived character states 
shared by the three genera include dissimilar tarsal 
claws in the adult, and in the nymph the presence of 
setae on the lateral margins of the pronotum, spines 
on the posterior margins of the abdominal terga 
reduced in size and occurring in groups, and the width 
of the tentorial body decidedly greater than the length. 
Characters distinguishing Neboissophlebia from Jappa 
and Ulmerophlebia include imagine character (4) and 
nymphal characters (1), (4) and (5), above. 

Character states used by Pescador and Peters 
(1980) to identify lineages of southern hemisphere Lep- 
tophlebiidae suggest, however, that Neboissophlebia 
belongs to the Nousia (- Atalonella ) lineage. On the 
basis of criteria presented in table 1 of their paper, 
Neboissophlebia is excluded from the Hapsiphlebia 
lineage and included in the Nousia lineage primarily 
on the basis of certain derived features of the nym¬ 
phal labrum and mandibles. Genera of the Nousia 
lineage possess, however, additional derived features 
of the mouth parts which are absent in Neboissophle¬ 
bia. For example, nymphs of Neboissophlebia retain 
the secondary hair fringe across the middle of the 
labrum, have large glossae which are turned under ven- 
trally, and have spines along the inner-margin of the 
terminal segment of the labial palp. These primitive 
character states are shared by genera of the Hapsiphle¬ 
bia lineage. If Neboissophlebia is placed in the Nousia 
lineage, derived character states, including the dissimi¬ 
lar tarsal claws in the adult and the reduction of the 
spines on the posterior margins of the nymphal terga, 
would have had to evolve independently in Nebois¬ 
sophlebia and the branch of the Hapsiphlebia lineage 
leading to Jappa and Ulmerophlebia. If, on the other 
hand, Neboissophlebia is placed in the Hapsiphlebia 
lineage, parallel and independent development of cer¬ 
tain derived features of the nymphal mouth parts in 
Neboissophlebia and in the Nousia lineage must be 
accepted. Such parallelism could arise as a conse¬ 
quence of the adaptation of nymphs to similar micro¬ 
habitats and/or food resources. 

Neboissophlebia hamulata sp. nov. 

Figs 1-25 

Description: Male imago (in ethanol). Length: body 
6.8-7.6 mm; forewing 7.1-7.4 mm. Head: yellowish, 
washed with brown near anterior margin on either side 


of antennae, conspicuous brown band extending back 
from median ocellus between lateral ocelli (Fig. 4); eyes 
in contact on meson of head; eyes with upper portion 
yellowish, lower portion grey-black, lower portion 0.6- 
0.7X length of upper portion (Fig. 3); antennae with 
scape and pedicel yellow, washed with dark brown, 
flagellum paler yellow; ocelli with basal half black, 
apical half white. Pronotum yellowish, washed with 
black on margins and with an irregular black streak 
in each half, subparallel to lateral margin and midway 
between lateral margin and median line. Mesonotum 
and metanotum pale yellow-brown. Legs: uniformly 
pale yellow, without markings; length ratios of seg¬ 
ments in forelegs 0.64-0.70; 1.00 (2.2-2.3 mm); 0.04; 
0.39-0.40; 0.38-0,41; 0.26-0.33; 0.10-0.11. Forewing: 
4.9-5.3X length of hindwing (Fig. 1); membrane hya¬ 
line, except cells C and Sc in distal third of wing trans¬ 
lucent; longitudinal veins and crossveins yellow; base 
of ICu, always linked to CuA-CuP crossvein. Abdo¬ 
men: terga brown, anterior third hyaline, pale band 
along posterior margin, terga 2-8 with hyaline or pale 
band along median line, narrowing towards the 
posterior of each segment (Figs 5, 6); sterna brown, 
anterior margin hyaline, posterior margin pale yellow, 
sterna 3-9 paler along median line. Penes: pale yellow; 
fused in basal half, separate in distal half; each lobe 
with large apical projection, directed outwards and 
ventrally (Figs 7, 8). Caudal filaments whitish, narrow 
dark bands at articulations. 

Female imago (in ethanol). Length: body 6.2-1 A 
mm; forewing 7.3-8.3 mm. Coloration and markings 
similar to male imago. Head: posterior half pale, 
almost white; eyes separated on meson of head by a 
distance 3.5-4.0X maximum width of an eye. Fore¬ 
wing 5.4-6.3X length of hindwing. Abdomen: brown, 
pale areas often reduced by comparison with male 
imago; sternum 7 with a small genital extension, reach¬ 
ing less than 0.1 of the distance along sternum 8 (Fig. 
10); sternum 9 with deep apical cleft (Fig. 11). 

Male and female subimagos (in ethanol). Colour 
and markings as in imagos, except abdomen without 
hyaline areas, pale yellow-white instead. Wings uni¬ 
formly grey-white. 

Mature nymph (in ethanol). Length of body 6.7- 
9.2 mm. Head: orange-brown, pale area anterior to 
median ocellus and also between lateral ocelli and eyes, 
darker-brown, submedian markings between eyes; 
antennae pale yellow; width of labrum 2.3-2.4X length 
along median line, anterior concavity shallow. Thorax 
orange-brown, paler ventrally. Legs: uniformly yellow- 
brown, without markings; tarsus of foreleg with 18- 
21 ventral spines. Abdomen: orange-brown, venter 
paler; pale mid-dorsal band on abdominal segments 
3-9, generally broadening to anterior of each segment 
(Fig. 12). Gills with lamellae yellow-white, tracheae 
brown. Caudal filaments orange-brown at base, 
becoming paler towards apex, without banding. 

Type Material: Holotype: cr imago, Victoria, Tara- 
go River, 7 km W of Neerim, 1 Mar. 1972 (Neboiss) 
(MVM T-8833). Paratypcs: all collected with holotype. 
o* imago (wings, foreleg mounted on slides) (MVM 



Figs 12-25 —Neboissophlebia hamulata , nymph. 12, Whole nymph ; 13, Gills, abdominal segment four; 
14, foreleg; 15, Ventral spine, foretibia; 16, Tarsal claw; 17, Labrum; 18, Left maxilla, ventral; 
19, Hypopharynx; 20, Left mandible, dorsal; 21, Labium, dorsal (left) and ventral (right) aspects; 
22, Terminal segment of labial palp, dorsal; 23, Glossae, lateral; 24, Spines, posterior margin of abdomi¬ 
nal tergum four; 25, Cercus, midlength. Scale lines: 0.02 mm (Figs 15, 24); 0.05 mm (Figs 16, 22, 25); 
0.2 mm (Figs 13, 14, 17-21, 23); 0.5 mm (Fig. 12). 


T-8834, Figs 1-9); 5 o*o* imagos (MVM T-8835 to 
T-8839); O’ subimago (MVM T-8840); 6 99 imagos 
(MVM T-8841 to T-8846, Figs 10, 11). 

Other Material Examined: Victoria — cr imago 
(reared from nymph, Figs 15-18, 20-25), Starvation 
Creek, 14 km E of Warburton, 19 Dec. 1979 (Dean); 


cr imago, 4 o* o’ subimagos, 3 99 subimagos (all 
reared from nymphs), Starvation Creek, 14 km E of 
Warburton, various dates (Dean); o* imago, 9 ima¬ 
go, 3 nymphs (Figs 12-14, 19), Starvation Creek, 14 
km E of Warburton, various dates (Dean); o’ imago, 
Yarra River, Woori Yallock, 6 Feb. 1978 (Dean); o’ 
imago, Yarra River, O’Shannassy Road, 1 Feb. 1980 
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(Dean); 1 nymph, O’Shannassy River, 4 km u/s O’S- 
hannassy Reservoir, 12 Dec. 1975 (Dean); 1 nymph, 
Crystal Brook, Mt. Buffalo, 7 Jun. 1977 (Dean); 2 99 
imagos, Murrindindi River, 1 Feb. 1984 (Neboiss); 4 
cr cr imagos, 9 imago, 4 o* O' subimagos, Diamond 
Creek, 7 km SE of Gembrook, 31 Jan. 1979 (Wells, 
Neboiss); 4 crcr imagos, Matlock Creek, 14 km W 
of Aberfeldy, 10 Feb. 1977 (Calder); 9 imago, 
Noorinbee North, 20 Mar. 1977 (Neboiss); o’ imago, 
Thomson River, 6 km S of Aberfeldy, 9 Feb. 1977 
(Calder); c r imago, 9 imago, Tanjil River Junction, 
10 km N of Willow Grove, 18 Dec. 1973 (Neboiss); 
9 imago, Genoa Creek Falls, 3 km W of Genoa, 28 
Mar. 1974 (Neboiss); cr imago, 9 imago, Jordan 
River, Jericho, 28 Nov. 1976 (Calder); 9 imago. Yea 
River, 7 km S of Glenburn, 1 Dec. 1972 (Neboiss); 
cr imago, 3 km W of Beenak, 7 Jan. 1972 (Neboiss); 
cr imago, Tanjil River, Walhalla Road, 20 Feb. 1974 
(LRES); 2 cr cr subimagos. Little River, 3 km SE of 
Taggerty, 6 Jan. 1972 (Neboiss); cr imago, 8 km NE 
of Toolangi, 2 Dec. 1970 (Neboiss); O' imago, Tooron- 
go Falls, NE of Noojee, 17 Dec. 1970 (Neboiss); 3cro* 
imagos, 3 O'cr subimagos, Upper Macalister River, 
above Howitt Plains, 25 Feb. 1979 (Calder); cr ima¬ 
go, Taggerty River, 4 km E of Marysville, 26 Dec. 1974 
(Neboiss); 2 cr cr imagos, Wingan River, 8 km S of 
Princes Highway, 30 Jan. 1975 (Neboiss); o' imago, 
Wonnangatta River, E of Mt Howitt, 11 Feb. 1981 
(Blyth); New South Wales — 9 imago, Wallagaraugh 
River, Princes Highway, 29 Jan. 1975 (Neboiss); cr 
imago, Leather Barrel Creek, Alpine Way, 6 Feb. 1985 
(Dean). 

Distribution: South-eastern Australia. 

Etymology: hamulus (Latin), a small hook, a refer¬ 
ence to the shape of the male genitalia. 

Neboissoplilebia occidentalis sp. nov. 

Figs 26-32 

Leptophlebiidae sp.A, Bunn et al. (1986) 

Description: Male imago (in ethanol). Length: body 
8.0-8.4 mm; forewing 7.9-8.3 mm. Head: brown, dar¬ 
ker markings near anterior margin on either side of 
antennae, thin dark band extending back from medi¬ 
an ocellus between lateral ocelli; eyes with upper por¬ 
tion orange-brown, lower portion grey-black; antennae 
with scape and pedicel brown, flagellum pale yellow. 
Pronotum yellow-brown, dark brown on lateral mar¬ 
gins and a thin, dark band medially on posterior mar¬ 
gin. Mesonotum and metanotum yellow. Legs: 
uniformly pale yellow-brown, without markings; 
length ratios of segments in forelegs 0.65-0.72; 1.00 
(2.2-2.6 mm); 0.04-0.05; 0.33-0.40; 0.40-0.46; 
0.34-0.39; 0.11-0.12. Forewing: length 2.9-3.0X width 
(Fig. 26); membrane hyaline, cells C and Sc in distal 
third of wing translucent, white; longitudinal veins and 
crossveins yellow; base of ICu, usually linked to CuA- 
CuP crossvein, although in a few specimens base of 
ICu, linked by crossvein to CuA in one or both wings; 
forewing 4.9-5.2X length of hindwing. Abdomen: 


brown; terga 1 and 2 with pale yellow-white bands ad¬ 
jacent to anterior and posterior margins, the two areas 
linked by a mid-dorsal pale band, terga 3 to 7 with 
similar pattern, but hyaline instead of pale 
(Fig. 28), some specimens with weakly-developed thin 
dark lines on either side of the mid-dorsal band, ter¬ 
ga 8 to 10 more uniform pale brown, some specimens 
with reddish-brown streaks on mid-dorsal line of seg¬ 
ments 8 and 9; sterna 1 and 2 brown, 3 to 7 hyaline 
along midline and brown towards lateral margins. 
Claspers pale brown-yellow in basal half, white in dis¬ 
tal half. Penes: pale yellow; fused in basal half, 
separate in distal half (Fig. 30); each lobe with small 
spine-like apical projection, directed outwards. Cau¬ 
dal filaments pale yellowish-white, with narrow dark 
brown hands at articulations. 

Female imago (in ethanol). Length: body 7.4- 
8.3 mm; forewing 7.5-9.0 mm. General colour and pat¬ 
tern similar to male imago. Head: pale yellow, almost 
white in posterior half; eyes separated on meson of 
head by a distance of about 4X the maximum width 
of an eye. Forewing 5.3-6.0X length of hindwing. Ab¬ 
domen: brown, pale areas often reduced by compari¬ 
son with male imago; sternum 9 with apical cleft (Fig. 

31). 

Male and female subimagos (in ethanol). Colour 
and markings similar to imagos, except abdomen 
usually without hyaline areas, pale yellow instead. 
Wings uniformly pale greyish-yellow. 

Mature nymph (in ethanol). Length of body 
7.9-10.3 mm. Head: orange-brown, submedian dark 
brown markings towards posterior of head; dark 
brown marks linking lateral ocelli and median ocel¬ 
lus; antennae pale yellow; width of labrum about 2.5X 
length along medianline, anterior margin with moder¬ 
ately deep concavity. Thorax orange-brown, prono¬ 
tum with darker markings along lateral margins. Legs: 
pale yellow-brown, slightly darker bands near base of 
tibia, at midlength of tibia and tarsus, and less con¬ 
spicuously near apex of femur; tarsus of foreleg with 
35-40 ventral spines. Abdomen: orange-brown, venter 
paler, most segments with mid-dorsal pale longitudi¬ 
nal band, generally narrowing towards posterior of 
segment. Gills with lamellae greyish, tracheae very 
dark almost black. Caudal filaments brown, without 
darker annulations. 

Remarks: Neboissophlebia occidentalis is readily dis¬ 
tinguished from N. hamulata by the distinctive form 
of the male genitalia and the smaller apical cleft on 
sternum 9 of the female imago. The nymph of 
N. occidentalis has a deeper concavity on the anteri¬ 
or margin of the labrum, 35-40 ventral spines on the 
foretarsus compared to 18-21 in N. hamulata , and dar¬ 
ker banding on the tibia and tarsus of all legs whereas 
the legs of N. hamulata are uniformly pale. N. oc¬ 
cidentalis is probably the species figured by Ulmer 
(1908) under the name A talophlebia furcifera Eaton. 
However, examination of the holotype of A.furcifera , 
which is deposited in the Museum of Victoria, clearly 
indicates that Ulmer’s specimen was not that species. 
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Figs 26-32 — Neboissophlebia occidentalis. 26, Wings, male imago; 27, Hindwing enlarged, male imago; 
28, Abdominal segments 5 to 10, dorsal, male imago; 29, Male genitalia, lateral; 30, Male genitalia, ven¬ 
tral; 31, Sternum 9, female imago; 32, Labrum nymph. Scale lines: 0.2 mm (Figs 29-32); 0.5 mm 

(Figs 27, 28); 1.0 mm (Fig. 26). 


Type Material: Holotype: cr imago, SW Australia, 
Harvey River, 15 km E of Harvey, 21 Nov. 1978 (Ne- 
boiss) (MVM T-8847). Paratypes: all collected with 
holotype. cr imago (wings, forelegs, genitalia mounted 
on slides) (MVM T-8848, Figs 26-28); 
cr imago (MVM T-8849, Figs 29-30); 8crcr imagos 
(MVM T-8850 to T-8857); 5 cr cr subimagos (MVM 
T-8858 to T-8862); 9 imago (MVM T-8863); 2 99 
subimagos (MVM T-8864, T-8865). 

Other Material Examined: SW Australia— 9 ima¬ 
go (reared from nymph), Jarrahdale, Waterfall Gul¬ 
ly, 19 Apr. 1982 (Bunn); 2 99 subimagos, Jarrahdale, 
Waterfall Gully, 5 May 1983 (Bunn); 9 imago (Fig. 
31), 2 99 subimagos (all reared from nymphs), North 
Dandalup, Foster Brook, 14 Nov. 1983 (Bunn); cr 


subimago, Jarrahdale, Seldom Seen Brook, 19 Jan- 
1982 (Bunn); 1 nymph (Fig. 32), Jarrahdale, Seldom 
Seen Brook, 25 Jan. 1982 (Bunn); 1 nymph, Jarrah¬ 
dale, Seldom Seen Brook, 14 Dec. 1981 (Bunn); 
3 nymphs, Jarrahdale, Waterfall Gully, 18 May 1981 
(Bunn); cr imago, 3 cr a subimagos, 9 subimago, 
Deep River, 10 km W of Walpole, 9 Dec 1979 (Blyth); 
3 cr cr subimagos, Ellen Brook Falls, 10 km NW ot 
Margaret River, 4 Dec. 1979 (Blyth); 4 99 imagos, 
24 cr or subimagos, 21 99 subimagos, Warren River, 
Warren National Park, 8 Dec. 1979 (Blyth); 2 cr cr 
subimagos, 9 subimago, Beedelup Falls, 16 km V 
of Pemberton, 8 Dec. 1979 (Blyth); 1 nymph, Carey 
Brook, 20 km W of Pemberton, 26 Nov. 1978 (Ne- 
boiss); 4 nymphs, Scott River, NE of Augusta, 25 Nov. 
1978 (Neboiss). 
















































45 


NEW GENUS OF LEPTOPHLEBIID MAYFLY 


Distribution: South-western Australia. 

Etymology: occidentals (Latin), western, a reference 
to the known distribution of the species. 
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THE ADULT AND IMMATURES OF RUSSOBEX GEN. NOV., 
A NEW MONOTYPIC GENUS FROM VICTORIA 
(TRICHOPTERA : LEPTOCERIDAE) 

By Rosalind StClair 

Zoology Dept., Monash University, Clayton, Victoria 3168 
Current address: Zoology Dept., James Cook University, Townsville, Queensland 4810. 

Abstract: Russobex gen. nov. is erected to accommodate a single leptoccrid species, R. cuneatus gen. 
et sp. nov. Descriptions of adults and immatures arc given and the affinities of the genus and its position 
in Morse’s (1981) phylogeny of the Leptoceridae are discussed briefly. 


The Leptoceridae is a cosmopolitan family of 
Trichoptera that is widespread and diverse through¬ 
out Australia (Neboiss 1986), with the larvae occur¬ 
ring in a wide range of water bodies. There are 14 
genera of Leptoceridae in Australia representing both 
subfamilies: Leptocerinae Leach and Triplectidinae 
Ulmer. A new genus and species of Leptocerinae, Rus¬ 
sobex cuneatus gen. et sp. nov., is described here in 
adult, pupal and larval stages. 

The terminology for the adult morphology follows 
that of Holzenthal (1986), where applicable; for the 
pupal morphology, Wiggins (1984 pp. 227,228); and 
for larval morphology, Wiggins (1977 pp. 26-34). 

Russobex gen. nov. 

Adults Figs 1 & 2 

Diagnosis: Spur formula 2:2:3; anterior wing with 
forks 1 and 5 present, discoidal cell short, thyridial 
cell open; posterior wing with forks 1 (very narrow) 
and 5 present, fork 3 and discoidal cell absent. 

Male genitalia : inferior appendages each with a long 
dorsal process, a shorter ventral process and a large 
mesal process; a fringe of pale but strong setae present 
ventrally from part way along each inferior append¬ 
age extending almost to the midline, each seta on a 
raised sclerotised base; segment X short, deep and 
broad; phallobase dorsally with a sclerite ending in two 
stout, upwardly- and outwardly-turned points, para- 
meres absent, sclerotised strips (as used by Morse 1977) 
absent. 

Female genitalia : segment IX with a lateral “pocket” 
on each side. 

Remarks: The absence of the discoidal cell and fork 
3 in the posterior wing places this genus in the Lep¬ 
tocerinae. It shows no close affinity to any particular 
genus in this subfamily. The absence of phallic strips 
(Morse 1975) and the spur formula 2:2:3 suggest that 
this genus should be placed prior to Athripsidini in 
the phylogeny described by Morse (1981), as both 
reduction of the spur formula from 2:2:4 to 2:2:2 and 
development of the phallic sclerotised strips are pre¬ 
sumed to have occurred in the ancestor at the node 
from which Athripsidini arose. This places Russobex 


very early in the leptocerid lineage, near Leptorussa 
(Mosely). However, the preanal appendages and seg¬ 
ment X are much shorter and broader than in Lep¬ 
torussa and the inferior appendages are long and three 
branched in Russobex as opposed to short and two 
branched in Leptorussa. Morse (1981) considered Lep¬ 
torussa to be modified due to this loss of the third 
branch (Harpago). Presence of the third branch indi¬ 
cates Russobex cuneatus does not belong in 
Leptorussa. 

Morse (1981) suggests that Australia was effectively 
isolated from the other habitable land masses between 
the times of the Leptorussini node and the Leptocerini 
node. Russobex presumably was contemporaneous 
with or arose from an ancestor which was present prior 
to the isolation of Australia. Further discussion of the 
position of this genus in the phylogeny of Morse 
(1981), using information from larval characters, will 
be given in a later paper. 

Type Species: Russobex cuneatus sp. nov. 

Russobex cuneatus sp. nov. 

Adults Figs 1 & 2. 

Holotype: Male from Upper Macalister R., above 
Howitt Plains, 146 39'E; 37 13'S, A. A. Calder 
25.ii. 1979. Paratypes: 19 males including PT-963, PT- 
964, PT-966, PT-947, 16 females including PT-968, 
all from the same locality and date as the holotype, 
reared paratypes (i.e. adult, pupal skin, larval skin and 
case) PT-969 (male) and PT-965 (female), same local¬ 
ity as holotype but labelled 5 km S of Mt Howitt, 
18.xi. 1985. 

Description: Anterior wings as shown in Fig. 1G, 
length 4-5 mm, pale fawn in alcohol, with some very 
pale spots; posterior wings paler with a long setal 
fringe on posterior margin, fringe decreasing in length 
distally; venation in distal anterior region very weak. 
Some specimens with some setae on posterior margin 
of anterior wings; female wings similar to those in 
male. Abdomen pale brown dorsally and ventrally, 
laterally with a cream stripe, female paler than male. 

Male genitalia : As shown in Fig. 1A-F; preanal 
appendages short and broad; a pair of membranous 
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Fig. 1 -Russobex cuneatus gen. et sp. nov. adult male (PT-964 A-F and PT-968 G). A-F, genitalia. A, 
dorsal. B, ventral. C, lateral. D, phallic apparatus, dorsal. E, phallic apparatus, ventral. F, phallic apparatus, 
lateral. G, wings, mp, membranous rounded projection; x, segment X, mx, membranous area of segment 
X; vpi, ventral processes of inferior appendage; dpi, dorsal process of inferior appendage; and, mpi, mesal 
process of inferior appendage. A-C, scale 1; D-F, scale 2; G, scale 3. 


Papillae medially between the prcanal appendages; 
below the membranous papillae a membranous 
rounded projection with slightly-sclerotised lateral 
ridges, two small setae on top of the ridge; segment 
X strongly-divided dorsally into two lateral, sclero¬ 
tised lobes, each brought to a strongly-sclerotised tip 
distally, these lobes joined medially and ventrally by 
a membranous area; inferior appendages long, ven¬ 
tral processes with apical setae strongly recurved; 
mesal process of inferior appendage broadened dis¬ 
tally; segment IX laterally widest medially, ventral 
third of lateral margin usually close to lateral margin 


of inferior appendage; phallus dorsally with a lone 
sclerite ending in two stout, upwardly- and outwardly- 
pointing tips that support a rounded membranous 
area, phallobase w r ith a strongly-sclerotised, inward- 
turned, lateral extension on each side; a small phal 
lotremal sclerite present. 

Female genitalia: As shown in Fig. 2A-C; valves lone , 
narrow dorsally, deep laterally; laterally on each side 
a sclerotised concavity with finely-setose margin' 
(“pocket”); each side with a lightly-sclerotised plate 
from the dorsal margin of the sclerotised concavity, 
a second, less-sclerotised plate on each side between 
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Fig. 2 -Russobex cuneatus gen. et sp. nov., adult female genitalia (PT-965). A, dorsal. B, ventral. C, 
lateral, v, valves; p, “pocket”; sp, sclcrotised plate; 2p, second sclerotised plate; and, ps, pear-shaped sclerite. 


the first plate and the valve; mid-dorsally a small, 
approximately pear-shaped sclerite on each side, 
narrow ends pointing medially; vaginal apparatus 
complex; ventrally a pair of pale sclerites medially 
adjacent to posterior margin of segment. 
Etymology: Russobex is formed by the combination 
of “russ” from Leptorussa , the other primitive Aus¬ 
tralian leptocerine genus, and “obex”, Latin for a bar¬ 
rier, referring to the fringe of setae ventrally on the 
male genitalia. The species name, cuneatus , is from 
the latin for wedge-shaped and refers to the shape of 
the larval head. 

Russobex cuneatus 
Pupae Fig. 3 

Description: Head: Labrum elongate, semicircular 
anteriorly, with 16 setae; mandibles broad medially 
with a comb of teeth on inner margin; antennal bases 
each with two short setae. 

Thorax: Pronotum with few setae; fore- and mid-legs 
with setal swimming fringes. 

Abdomen: Lateral line very pale, obvious but pale on 
segment VIII ventrally; anterior hookplates all about 
the same length, with 2-4 hooks, posterior hookplates 


with about 5 hooks, plates rarely fused as shown in 
Fig. 3E; segment IX dorsally with four setae on each 
side; laterally without projections, ventrally without 
setae; anal opening on a shallow rounded projection, 
males with long, inferior-appendate sheaths extend¬ 
ing past the end of the body, between their bases a 
bulbous, phallic sheath divided anteriorly; anal 
processes long, very thin particularly distally, each with 
two subapical setae and minutely setose. 

Body length: 3.5-4 mm. 

Case: Prior to pupation, the larval case is blocked 
anteriorly by a silk and sand cap. The posterior closure 
membrane (Fig. 3F) is a silk screen with an opening 
with narrow irregular arms, sometimes with some sand 
grains incorporated. Larval sclerites usually retained 
in the case. The case may be attached by short silk 
stalks or by the silk side of the case, without sand 
grains, just below the anterior cap. 

Russobex 

Final Instar Larvae 

Diagnosis: Antennae long, about l A the width of the 
frontoclypeal apotome at the anterior margin; eye fur¬ 
ther posterior than in other Australian Leptoceridae 
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ussobexcuneatus & n - ct sp. nov., pupa (PT-890). A, segments VIII and IX dorsal. B, segments 
VIII and IX ventral. C, segment IX lateral. D, mandibles and labrum, dorsal view. E hookplates F 
case, posterior closure membrane. A-C, scale I; E, scale 2; D and F, scale as indicated, ias, inferior apnendaee 
sheath; ps, phallous sheath; and, ao, anal opening. 
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Fig. 4 -Russobex cuneatus gen. et sp. nov., larva (PT-890 A-H, PT-891 I). A, body lateral. B, right fore¬ 
leg. C, right midleg. D, right hindleg. E, head dorsal. F, head ventral. G, thorax dorsal. H, segments 
VIII and IX dorsal. I, right pronotal sclerite. J, left mandible. K, case (showing only some detail). A, 
E-I, scale 1; B-D, scale 2; J, scale 3; K, scale 4. 
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(except Triplexa Mosely); ventral apotome strongly 
tapering, almost as long as the head capsule ventrally; 
labrum with few setae; mandibles elongate, about 
twice as long as wide with teeth clustered around a 
narrow, central concavity (Fig. 4J); left mandible with 
two very short brushes of setae in the central concavity; 
pronotum with anterior margin almost straight but 
with a few tiny projections, anterolateral corner 
rounded with few very small projections; metanotum 
not sclerotised; metasternum with a posterior trans¬ 
verse row of about 14 setae, without sclerites at their 
base; hind tibia undivided; gills few, filaments single; 
tergum IX with eight long setae; unusually small 
larvae, about 2 mm. 

Russobex cuneatus 

Final Instar Larvae 
Fig. 4. 

Description: Head : Width 0.27 mm. (n = 1); elongate, 
narrowing anteriorly both dorsoventrally and laterally 
(wedge-shaped); honey brown, a pale area on postero¬ 
lateral margin on some specimens; frontoclypeal apo¬ 
tome widest at anterior margin, shallow constriction 
at about 2 A its length; left mandible with five or six 
teeth, right mandible with four teeth; setae on head 
long but pale. 

Thorax : Pronotum honey brown, darker posteriorly 
with some lightly-contrasting spots (see Fig. 41, this 
area usually under mesonotal sclerites); mesonotum 
brown, darker than head and pronotum, with a few 
pale-yellow, lightly-contrasting spots; metanotum with 
a seta in setal area 1, one in setal area 2 and two in 
setal area 3; dorsal setae mostly pale; trochantin 
moderately long with a short, upturned section; legs 
honey coloured with pale setae; foreleg with femur 
broadened; midleg much longer than foreleg, almost 
as long as hindleg. 

Abdomen : Lateral hump sclerite very pale, difficult 
to see; gills dorsal and ventral on segment I, in some 
specimens also dorsal on segment II; lateral line not 
apparent; spicules faint; segment IX very short, ter- 
gite not apparent; lateral sclerite and ventral sole plate 
pale yellow; anal claw small, with at least one acces¬ 
sory hook. 

Body Length: 1.5-2.5 mm (n = 8). 

Case : The case is made of sand grains and is tapered, 
curved and comparatively broad anteriorly. The case 
is usually about 1 Vi times as long as the larva. 


r i i ^ , AMiNED . *+/ uuuii males, 7 adm 1 

females, 14 reared males, 6 reared females, 8 larv3 e 
(reared specimens usually include the larval sclerite^ 
pupal skin, case and adult). 


Collecting Localities: Victoria: Macalister R. 5 k^ 1 
S of Mt Howitt (type locality) 18.xi. 1985; Uppe r 
Macalister R. above Howitt Plains 146 39'E‘ 37 13 'S 
(type locality), A. A. Calder, 25.ii.1979, Survey DeP< 
Museum of Victoria, 22.ii.1978; Macalister R 3 k^ 
S of Mt Howitt; Matlock Crk off Thomson Portal Rd* 
14 km W of Aberfeldy, A. A. Calder 10.ii.1977. 

Habitat: Fast, cool, mountain streams. 
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EFFECTS OF EDUCTOR DREDGING OF GOLD TAILINGS 
ON AQUATIC ENVIRONMENTS IN VICTORIA 

By D. N. Hall 

Department of Conservation, Forests and Lands, Arthur Rylah Institute for Environmental 
Research, 123 Brown Street, Heidelberg, Victoria, 3084 

Abstract: Information on the effects of eductor (suction) dredging on Victoria’s aquatic habitats and 
organisms is reviewed and discussed. The paucity of information makes a rational assessment impossible 
and highlights the need for relevant studies in Victoria. Evidence from North American studies suggests 
that the rate at which benthic invertebrate communities recover depends on the distance between the dredge 
site and an undisturbed source of invertebrates upstream. In only one North American study has the effect 
of passage of fish eggs and fry through an eductor dredge been examined. Alteration of benthic habitat 
by deposition of sediment downstream from eductor dredging can influence the species composition, diversity 
and biomass of aquatic communities. 


Eductor dredges are small hydraulic suction devices 
used to recover alluvial sediments containing gold from 
rivers and streams. Escalation of gold prices in recent 
years has contributed to an increase in eductor dredg¬ 
ing in Victorian waterways—particularly in catchments 
renowned for gold mining. Since the 1970s, eductor 
dredges have become popular with both professional 
and hobby gold seekers. Annual licences permitting 
the use of eductor dredges have been issued in Vic¬ 
toria since 1979, but the number of dredges operating 
each year in Victorian waterways may be 1200 more 
than the number of licences issued (CFL 1986). Despite 
the increased eductor dredging and widespread con¬ 
cern about its effect on the aquatic environment, 
studies have been few. In this paper 1 review the avail¬ 
able literature on the impact of eductor dredging on 
aquatic habitats, and discuss the possible effects of 
eductor dredging on some of Victoria’s waterways. 

Operation of eductor dredges 

Eductor dredges consist of a high pressure pump 
driven by a small petrol engine which feeds a jet of 
water past an eductor or venturi and so provides suc¬ 
tion along the intake pipe (Bell 1983, Doeg 1985). The 
intake pipe (up to 150 mm diameter) is passed over 
the streambed and lifts sediment to a floating barge. 
Material collected is passed over a sluice box which 
traps the heavier particles and the unwanted “lighter” 
material is discharged directly from the rear (down¬ 
stream) of the barge. Barges are of two main types: 
a moored barge —from which the discharged material 
is localised; and a mobile barge which follows the posi¬ 
tion of the diver/operator. Sediment from the latter 
barge is distributed in an unconsolidated state over a 
broad area. Dredging effects referred to in this paper 
are derived primarily from studies of dredges on 
mobile barges. 

Intake pipes can be blocked by large objects, so 
the common practice is to move rocks and other large 
objects to the sides of a streambed or to other instream 
areas to reduce current velocities prior to dredging. 
Operators rarely replace rocks after dredging. 


The depth of sediment disturbed by dredging varies 
from 60 cm to more than 200 cm. In the section of 
stream being worked, the area of a streambed dredged 
has increased from 10-15% during 1979-80 to as much 
as 100% during recent years (CFL 1986). The area over 
which discharged sediment is distributed downstream 
of the dredge site depends mainly on the size of 
sedimentary particles, water velocity and the type of 
stream. 

Most of the eductor dredging in Victorian streams 
is carried out during summer and autumn when water 
temperatures are highest and water levels are lowest. 

INSTREAM EFFECTS AT SITE OF DREDGING 

Damage to Physical Habitat 
Relocation of large objects: The removal of rocks, 
stones or wood debris, too large to pass through 
dredge intake pipes, from a stream before or during 
dredging results in the loss of ‘shelter’ habitat for 
instream organisms. Large instream objects are invari¬ 
ably the most resistant to shear stress caused by flow¬ 
ing water, and provide stable shelter for organisms. 
Hynes (1970) stressed the importance of such objects 
in causing local variation in current speed which in 
turn results in mosaic distributions of animals. 
Although the distribution of most invertebrates can 
be expected to change seasonally with changes in dis¬ 
charge volumes, the diversity, and to a lesser extent 
the biomass, of invertebrates is largely determined by 
the existence of these impediments to flow (Hynes 
1970). 

Studies overseas have shown that depletion of 
habitat diversity (i.e., removal of instream objects) 
combined with a reduction in substrate stability result 
in a reduction in the abundance and diversity of ben¬ 
thic and drifting macroinvertebrates (Etnier 1972, 
Arner et al. 1976, Bulkey et al. 1976, Schmal & Sanders 
1978, Zimmer & Bachmann 1978). In the only Aus¬ 
tralian study, Hortlc and Lake (1982) did not detect 
significant and consistent differences in species rich¬ 
ness, density and standing crop of macroinvertebrates 
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between channelised and unchannelised sections of the 
Bunyip River, Victoria. They attributed this finding 
to the restoration of adequate habitat diversity and 
substratum stability during the period between chan¬ 
nelisation and the investigations. 

Instream rocks are also important in the life cycles 
of many fishes. Up to 75% of Victoria’s native spe¬ 
cies of freshwater fish deposit their demersal eggs on 
or near large rocks or other large submerged objects 
(Table 1) (Cadwallader & Backhouse 1983). More than 
50% of these species spawn during November-March 
(Table 1)—a time which coincides with the most active 
period for eductor dredging. There are no reports on 
the survival of fish eggs in Victorian streams after such 
relocation of ‘harbour’ objects, nor on any long-term 
effects this practice may have on the abundance or 
diversity of fish in a stream subjected to eductor 
dredging. 

Large submerged objects provide important 
habitat for many native fish during post-embryonic 
stages of their life cycles. Small tupong ( Pseudaphrites 
urvilli) are often found amongst large, instream rocks, 
and adults of the species are often associated with sub¬ 
merged logs and other objects which provide shelter 
(Cadwallader & Backhouse 1983). River blackfish 
(Gad ops is marmoratus) are usually found in hollow 
logs or under stones, and the broad-finned galaxias 
(Galaxias brevipinnis ), which characteristically inhabit 
steep, fast-flowing streams, usually live amongst large 
rocks or under logs (Cadwallader & Backhouse 1983). 
Recent studies on the habitat preferences of native 
freshwater fishes indicate that many species use sub¬ 
merged objects for daily, intermittent or seasonal 
shelter (Fisheries Division, unpublished data). 

Results from studies overseas have implicated 
removal of instream objects as a cause of the reduc¬ 
tion in the standing crop, numerical density and diver¬ 
sity of resident fish assemblages after “river 
improvements” (Duval et al. 1976, Moyle 1976, Mar- 
zolf 1978, Schoof 1980). Hortle and Lake (1983) found 
a positive correlation between habitat diversity (i.e. 
maintenance of instream objects) and the total num¬ 
bers, biomass and species richness of fish assemblages 
in the Bunyip River, Victoria. 

In Victoria, eductor dredging takes place during 
summer and autumn; therefore rocks and stones 
moved by dredge operators are probably redistributed 
during subsequent flood or high-flow events. Fishes 
would probably move to adjacent suitable habitat 
during pre-dredging and dredging activities and might 
return when the instream conditions improved. 
However the intensity of eductor dredging in some of 
Victoria’s waterways may be such that the instream 
habitats and the fish populations may be unable to 
recover, especially considering the proposals to fur¬ 
ther regulate flow in streams where eductor dredging 
is currently practised. Furthermore, the timing of 
dredging may directly coincide with critical life his¬ 
tory stages of the organisms dependent on the area 
to be dredged. 

Alteration of streambed substrate and profile : The 


effect of eductor dredging on the physical environmen 
at the site of dredging involves removal of sedimen 
of small particle sizes and re-sorting of the large ' 
material. The depth of substratum affected depend 
on the intensity of the dredge operation, and in recen 
years commonly extends as much as 200 cm down t< 
bedrock. By its very nature, eductor dredging modi 
Ties the substrate to the extent that the dredged sut 
strate consists of particles of larger mean size that ar 
less compacted. 

Griffith and Andrews (1981) dredged five sampi, 
plots of 0.25 m 2 to a depth of 15 cm during summer 
The plots had a depauperate benthic macroinver 
tebrate fauna immediately after dredging, but thi 
numbers of individuals had recovered to 90% of thi 
original number within 38 d. After 38 d, species com 
position and relative abundance of the major taxa a 
the dredged sites were the same as those of adjacen 
undredged sites. They suggested that recolonisatio^ 
might occur more slowly during other seasons and - 
more pertinently —if larger areas were disturbed h, 
dredging. Minshall (cited by Griffith & Andrews, 198l ( 
related the rate of recolonisation to the distaric! 
between the dredge site and a source of invertebrate 
upstream. One dredged site on the Teton Rive 
(Idaho), 50 m downstream from an undisturbed sec 
tion, took 90 d to recolonize, whereas another, locatej 
5.5 km below the source, took 439 d. Griffith anj 
Andrews (1981) also describe other, as yet uninves, 
tigated, impacts of eductor dredging— for example tb 
trampling of aquatic organisms by dredge operators 

The only other study of effects on fauna at tb 
dredging site was conducted also during summer b' 
Harvey (1986), who investigated the impact of a sing! 
dredge at a site of unspecified dimensions and tb 
cumulative effect of several dredges in a limited 
defined area. In neither case did he specify the deptj 
of dredging nor the size of dredged plots. He did find 
however, that dredging affected the composition anj 
relative abundance of benthic invertebrate species — { 
change he attributed directly to substrate alteration 
Harvey found that the species assemblage at tb 
dredged site returned to its pre-dredged compositio) 
within 45 d. 

Another effect of intensive dredging in localize! 
areas is the creation of “mountain and crater” tope 
graphy of the streambed near the dredge site. The crea 
tion of craters in sections of streams containing fe\ 
pools could provide valuable fish habitat and migh 
contribute to a local increase in the carrying capacity 
of that section of the stream. 

Finally, McCleneghan and Johnson (1983) notel 
that the common practice by American dredge opera 
tors of undercutting stream banks can destabilise tb 
banks causing further erosion and course change 
during high flows. This erosion can also lead to dej' 
truction of riparian vegetation and habitat. 

Damage to Entrained Organisms 

Eductor dredging removes benthic biota and passtf 
them and the associated sediment through the dred $ 
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apparatus. This has an immediate impact on the com¬ 
position of the remaining benthic environment and on 
the composition and quality of the discharged 
material. 

Griffith and Andrews (1981) evaluated the effects 
of passage through a small eductor dredge (30 cm sec' 1 
intake velocity; intake pipe 76 mm diameter) of aquatic 
invertebrates and fish in four small streams in Idaho. 
They dredged to a depth of 15 cm and reported that 
fewer than 1 % of the benthic invertebrates that passed 
through the dredge were severely injured or died within 
24 h. Most of the dead specimens belonged to one 
genus of mayfly undergoing emergence at the time of 
dredging; their deaths were attributed to the sensitive 
nature of the organisms at this critical life history 
stage. Griffiths and Andrews (1981) suggested from 
their results that adult invertebrates are surprisingly 
resistant to damage from entrainment and that only 
those insects at the emergent stage are at risk. 

Bell (1982) reported that gross damage to inver¬ 
tebrates entrained by an eductor dredge in a Victorian 
stream was not significantly different to that of 
undredged samples transported to the laboratory in 
buckets containing unsorted sediment. The high 
Proportions of damaged invertebrates in undredged 
samples are most probably the result of damage by 
sediment during transportation in buckets. This prob¬ 
ably masked any effects attributable to dredge 
entrainment. 

The effects of entrainment on fish eggs and larvae 
have been investigated only by Griffith and Andrews 
(1981). They found that all the uneyed eggs of cut¬ 
throat trout (Salmo clarkii) died within 5 minutes of 
entrainment because of ruptured vitelline membranes; 
natural mortality was only 35% after 36 h. Mortality 
in eyed hatchery rainbow trout ( Salmo gairdini) that 
had passed through a dredge was similar to that of 
non-dredged specimens over 10 d. Mortality of sac fry 
of rainbow trout that had passed through the dredge 
Was 83% compared to 9% for the controls. The main 
cause of death was detachment of the yolk sac from 
l he body of the fry. Griffith and Andrews (1981) pre¬ 
sumed that all fish larger than sac fry were sufficiently 
Mobile to avoid the intake pipe. They made no attempt 
to investigate survival of viable eggs and larvae 
Amoved from the habitat in which they naturally 
Occurred and subsequently scattered downstream from 
the dredge. 

No comparable studies on the effects of dredging 
have been conducted on Victorian species of fish at 
different stages of their life cycle, but disturbance of 
the substrate would probably affect the survival of spe¬ 
cies that utilise this habitat at early stages of their life 
cycle. Larval short-headed lampreys ( Mordacia 
%rdax) burrow into the sediment for the early part 
°f their life (Potter 1970), and the river blackfish, Aus¬ 
tralian grayling ( Prototroctes maraena ), native 
C alaxiaSy gudgeons and other fish species deposit eggs 
°Ver the substrate (Table 1). 
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INSTREAM EFFECTS DOWNSTREAM FROM 
DREDGE SITES 

Survival of Entrained Fauna 

The distances that entrained organisms and 
sedimentary material are carried downstream from the 
dredge site depends on their mass and prevailing cur¬ 
rent conditions. Survival of those organisms un¬ 
affected by passage through the dredge depends on 
successful translocation and subsequent deposition in 
suitable habitat. Bell (1982) reported that Victorian 
dredge operators often saw organisms such as fresh¬ 
water crayfish, red fin ( Perea Jluviatilis) and brown 
trout (Salmo trutta) feeding in the wash from the 
dredges. In that way eductor dredging may increase 
predation of entrained organisms. 

The physical and biological composition of the 
streambed exerts considerable influence on the survival 
of benthic organisms. Under natural conditions ben¬ 
thic organisms are distributed in mosaic assemblages 
according to prevailing environmental conditions. 
Redistribution of entrained organisms to suitable 
habitats by eductor dredging is a chance phenomenon 
which has not been investigated. Organisms capable 
of actively seeking suitable habitat whilst drifting or 
after being deposited (ie., mobile invertebrates) (Pear¬ 
son & Jones 1975) could be expected to have higher 
survival rates than more sedentary taxa or life stages 
(e.g., fish eggs). 

Alteration of Benthic Habitat by Deposition of 
Sediment 

Deposition of sediment downstream from eductor 
dredging can alter streambed characteristics. Recent 
studies of sedimentation in streams have consistently 
shown dramatic changes in species composition, diver¬ 
sity and total numbers of invertebrates attributed to 
the effects of physical abrasion of organisms by sus¬ 
pended sediment, smothering of suitable habitat, 
reduction in the capacity of smothered areas to 
produce food organisms and the alteration of 
behavioural responses like drift (Chutter 1969, Hynes 
1970, Cordone & Kelly 1971, Nuttall & Bielby 1973, 
White & Gammon 1977, Crouse et al. 1981, Harvey 
et al. 1982, Blyth et al. 1984, Harvey 1986). Luedtke 
and Brusvcn (1976) concluded that the deposition of 
fine, loosely-compacted sediments, combined with 
prevailing downstream currents, severely impairs the 
ability of benthic invertebrates to migrate upstream. 
The short-term and long-term effects of this type of 
disturbance depend on the species composition of 
affected areas and the ability of those organisms, and 
others from adjacent areas, to adjust to the modified 
environment. Moreover, indiscriminate relocation of 
gravel and rocks could create barriers to fish and inver¬ 
tebrate migration by blocking streams or increasing 
subsurface percolation such that surface flows are 
severely restricted or non-existent. 

Bell (1982) deduced that sediments disturbed by 
a single dredge operating in Gaffneys Creek (Victoria) 
had only localised impact downstream, and that the 
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Table 1 

Spawning Season and Egg Characteristics for Native Freshwater Fish Found in Victoria. 
(Su = summer; Au = autumn; Wi = winter; Sp = spring.) 


Spawning Egg 

Common name Scientific name season type 


Short-headed lamprey 
Pouched lamprey 
Short-finned eel 
Long-finned eel 
Freshwater herring 
Bony bream 
Common galaxias 
Flat-headed galaxias 
Mountain galaxias 
Broad-finned galaxias 
Spotted galaxias 
Dwarf galaxias 
Australian smelt 
Australian grayling 
Freshwater catfish 
Crimson-spotted rainbowfish 
Small-mouthed hardyhead 
Freshwater hardyhead 
Lake Eyre hardyhead 
Murray cod 
Trout cod 
Macquarie perch 
Golden perch 
Silver perch 
Southern pigmy perch 
Yarra pigmy perch 
Freshwater blackfish 
Tupong 

Striped gudgeon 
Cox’s gudgeon 
Flat-headed gudgeon 
Purple-spotted gudgeon 
Western Carp gudgeon 


Mordacia mordax 
Geotria australis 
Anguilla australis 
A nguilla reinhardtii 
Potamalosa richmondia 
Nematalosa erebi 
Galaxias maculatus 
Galaxias rostratus 
Galaxias olidus 
Galaxias brevipinnis 
Galaxias truttaceous 
Galaxiella pus ilia 
Retropinna semoni 
Prototroctes maraena 
Tandanus tandanus 
Melanotaenia splendida 
Atherinosoma microstoma 
Craterocephalus stercusmuscarum 
Craterocephalus eyresii 
Maccullochella peeli 
Maccullochella macquariensis 
Macquaria australasica 
Macquaria ambiqua 
Bidyanus bidyanus 
Nannoperca australis 
Edelia obscura 
Gadopsis marmoratus 
Pseudaphritis urvilli 
Gobiomorphus australis 
Gobiomorphus coxii 
Philypnodon grandiceps 
Mogurnda adspersa 
Hypseleotris klunzingeri 


Sp/Su 

Demersal 

★ 

Demersal 

★ 

★ 

★ 

★ 

★ 

★ 

Sp/Su 

★ 

★ 

★ 

★ 

Demersal 

Wi/Sp/Su 

Demersal 

Au/Wi 

Demersal 

Au/Wi 

Demersal 

Wi/Sp 

Demersal 

Sp 

Demersal 

Su/Au 

Demersal 

Sp/Su/Au 

Demersal 

Sp/Su 

Demersal 

Sp/Su 

★ 

Sp/Su 

Demersal 

Su/Au 

Demersal 

Sp/Su 

Demersal 

Sp/Su 

Demersal 

Sp/Su 

Demersal 

Sp/Su 

Buoyant 

Sp/Su 

Buoyant 

Wi/Sp 

Demersal 

Sp 

Demersal 

Sp/Su 

Demersal 

Au/Wi 

★ 

Su 

Demersal 

•k 

Demersal 

Sp/Su 

Demersal 

Su 

Demersal 

Sp/Su 

Demersal 


★ denotes unknown characteristics or estuarine phases of life cycle. 


quantities of sediment suspended were similar to those 
recorded after rain. The sediment load however, 
occurred at a time uncharacteristic of normal weather 
and stream flow patterns. 

Doeg (1985) suggested that a more realistic assess¬ 
ment of dredge effects would be gained from exami¬ 
nation of the faunal composition of larger areas of 
streams known to be subject to dredging, and to com¬ 
pare results obtained with those from a nearby stream 
that was not subject to dredging. To this end Doeg 
(1985) sampled seventeen 0.3 m sites in riffle sections 
of five tributaries of Lake Eildon. Sites were kick sam¬ 
pled to a depth of 10 cm during winter. Unfortunately, 
Doeg (1985) collected no samples during summer and 
autumn, the seasons of intensive dredging, nor did he 
collect samples from slow-water habitats where most 
suspended sediment would be expected to settle, nor 
samples from areas downstream from eductor dredge 
sites before and after dredge operations. Thus any 
impact of previous dredging could have been masked 
by seasonal changes in, or alterations to, community 


structure resulting from other environmental in¬ 
fluences, or both. Subsequent community analysis by 
ordination and classification techniques grouped sam¬ 
ples according to broad patterns of similarity, but did 
not allow an objective and quantitative assessment of 
any changes resulting from eductor dredge operations. 

The effects of sediment deposition on fish produc¬ 
tion in streams has been investigated in several over¬ 
seas studies. Sedimentation can affect fish assemblages 
by decreasing survival of embryos (Cooper 1965), by 
reducing rearing and reproductive habitat for juvenile 
and adult fish (Bjornn el al. 1977, Berkman & Rabeni 
1987) and by reducing the stream’s capacity to produce 
food organisms (Phillips 1971, Berkman & Rabeni 
1987). Berkman and Rabeni (1987), in a study of the 
effects of siltation on stream fish communities in Mis¬ 
souri, noted a reduction in the numbers of species of 
benthic insectivorous and herbivorous fish and also 
species that required a clean gravel substrate for 
spawning. Crouse et al. (1981) found that sedimenta¬ 
tion suppressed production of coho salmon 
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(Oncorhynchus kisutch) by destroying spawning and 
rearing habitats. Saunders and Smith (1965) attributed 
low standing crops of brook trout (Salvelius fon- 
tinalis) y in a Canadian stream subject to siltation, to 
the destruction of hiding places. Turnpenny and Wil¬ 
liams (1980) attributed declines in the abundance of 
brown trout, in aWelsh stream carrying suspended 
sediment, to the smothering of eggs during incubation 
in the substrate. Whilst the study by Turnpenny and 
Williams is not directly applicable to trout abundance 
in Victorian streams, the findings may have relevance 
to declines in the abundance of native fish species 
which lay eggs on the substrate during summer and 
autumn. 

Increased sediment loads in coastal rivers and 
streams can affect the physical and biotic environments 
of receiving waters. Salinity-induced flocculation 
generally leads to precipitation of suspended sediments 
in estuarine waters. These processes are considered to 
have contributed to the recent die-back of seagrass in 
Western Port and the consequent decline of the com¬ 
mercial fishery (WPCCG 1983, C. M. MacDonald 
pers. comm.). Morgan (1986) has reported evidence 
of a recent seagrass decline in Corner Inlet. Hall and 
MacDonald (1986) have emphasised that sedimenta¬ 
tion from coastal catchments poses one of the single 
greatest threats to the future production of Victoria’s 
bay and inlet fisheries. Countenance of any activities 
contributing increased sediment loads to coastal rivers 
must give due consideration to their possible effects 
on coastal environments. 

Mobilisation of Chemicals 

Eductor dredging is commonly conducted in sec¬ 
tions of streams where concentrations of mercury in 


Table 2 

Compounds Found in Auriferous Zones in Victoria 
(Glover et al. 1980). 


Element 

Form 

Antimony 

stibnite (antimony sulphide) 

bournonite (sulphide of copper, lead and 

antimony) 

Arsenic 

arsenopyrite and arsenic trioxide 

Cobalt 

associated with nickel 

Copper 

elemental and calcopyrite (iron copper sulphide) 

Chromium 

chromite (iron chromate) 

Iron 

pyrite (iron sulphide) 

Lead 

associated with gold, pyrite, arsenopyrite bor- 
nite, blende, cerussite, pyromorphite, hydrated 
oxides and carbonates in association with 
malachite and azuritc and limonite 

Manganese haematite and manganese oxide 

Nickel 

associated with cobalt 

Silver 

alloy with gold as a chloride and in association 
with lead antimony sulphide 

Tungsten 

iron and manganese tungstate and calcium 
tungstate 

Zinc 

zinc sulphide 

Thorium 

thorium 

Platinum 

platinum 


sediments are high because mercury has been used in 
the past to extract gold (Bell 1982). During a study 
in the upper reaches of the Goulburn River, McCredie 
(1982) found that mercury is concentrated in the finer 
sedimentary fractions and is readily redistributed to 
aquatic ecosystems by activities such as eductor dredg¬ 
ing. But Ealey et al. (1983) found that although mer¬ 
cury concentrations were elevated in benthic inver¬ 
tebrates in Raspberry Creek, there was little evidence 
of a significant effect on the composition of aquatic 
benthic communities. Results from both studies 
revealed elevated mercury concentrations in fish 
throughout the study area in the upper reaches of the 
Goulburn River. 

A thorough review of the available information on 
the incidence and effect of mercury in stretches of Vic¬ 
torian streams utilised for eductor dredging has been 
given by Bacher (1987). While a comprehensive study 
of other metals and compounds has not been per¬ 
formed, Glover et al. (1980) reported the potentially 
harmful compounds in sediments below auriferous 
zones (Table 2), any or all of which could be mobi¬ 
lised by eductor dredging. Recent advances overseas 
in behavioural toxicity testing of fish have shown 
sublethal exposure to various metals and metal com¬ 
pounds can alter certain behaviours such as avoidance 
reactions, feeding behaviour, learning, social interac¬ 
tions and a variety of locomotor behaviours (Atchi¬ 
son et al. 1987). Such behavioural perturbations can 
affect fish populations at sublethal concentrations of 
contaminants. 

The potential for fuel and oil spills from eductor 
dredges has not been addressed in any studies con¬ 
ducted to date. 

CONCLUSIONS 

Eductor dredging affects the physical environment 
of streams by removing fine sediments from the site 
of dredging and subsequently redistributing them 
downstream. Because most of the available literature 
concerning the biological effects of such operations 
relates to overseas studies on particular organisms or 
groups of organisms, the effects of eductor dredging 
on the Victorian environment are impossible to assess. 
Whilst it is most probable that the nature and extent 
of the present eductor dredge practices in Victorian 
streams are causing relatively localised disruptions to 
stream ecosystems, the short- and long-term effects 
of eductor dredging will be elucidated only from well- 
designed studies. Ultimately, resolution of the environ¬ 
mental debate concerning eductor dredging will 
depend on the results of these studies. 
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DISTRIBUTION OF NATIVE AND INTRODUCED 
FRESHWATER FISHES IN THE BARWON RIVER AND ITS 
UPPER TRIBUTARIES, VICTORIA 

By D. N. Hall and B. R. Tunbridge 

Arthur Rylah Institute for Environmental Research, 123 Brown Street, Heidelberg, 3084 

Abstract: Twelve native and five introduced species of freshwater fishes were collected from 17 sampling 
sites on the Barwon River and its upper tributaries during the period April 1986 —April 1987. Present 
distribution of fishes in the system is the result of clearing of vegetation, water abstraction and agricultural 
practices, construction of barriers affecting movement of fishes and the greater diversity of habitats 
downstream. Despite changes to the river and its catchment since European settlement, and despite the 
introduction of exotic species of fish, self-sustaining populations of native freshwater fishes have survived. 
A population of the grayling Prototroctes maraena , one of Australia’s four most seriously-threatened species 
of freshwater fishes, was found. The mountain galaxias, Galaxias olidus , was recorded from the Barwon 
River for the first time. Some options for future management of the Barwon River are discussed in relation 
to some biological requirements of the existing fish fauna. 


The Barwon River flows for more than 100 km 
from Forrest in the north-east of the Otway Ranges 
to Barwon Heads (38°ITS, 144°30'E) (Fig. 1). The 
river flows through extensive pasture-land for much 
of its length, and its lower reaches receive run-off and 
effluents from urban and industrial sources in 
Geelong. 

Water flow in the Barwon has been regulated for 
more than 100 years for domestic and irrigation 
purposes. Proposals for additional abstraction of 
water to support the continued growth and future 
water requirements of the cities of Geelong and 
Warrnambool and regional townships are currently 
being considered (Geelong and District Water Board 
1984, 1986). Reduction of flow in rivers can affect the 
distribution and abundance of resident fish popula¬ 
tions by altering the amount of habitat available for 
fishes to live and reproduce successfully. Con¬ 
sequently, the Fisheries Division of the Ministry for 
Conservation, Forests & Lands was commissioned to 
determine the minimum flows that would satisfy the 
requirements of the fish fauna and, if provided, 
maintain existing fish populations in the Barwon 
River. 

Knowledge of the distribution of sport fish in the 
Barwon River has been determined largely by netting 
surveys (Tunbridge & Rogan 1983, Baxter 1986) or 
from angling results. The distribution of the smaller 
forage fishes has not been investigated. In this paper 
the nature and distribution of fish within the Barwon 
River and its upper tributaries are described. 

METHODS 

Three methods of fish capture were employed at 
each of the 17 sampling sites (Fig. 1, Table 1), usually 
at 3-monthly intervals during the 12 months April 1986 
to April 1987. Selection of sampling sites was deter¬ 
mined largely by available public access points to the 
river, as the greater part of the river frontage upstream 
from Buckleys Falls is private land. 


Electrofishing with a Smith-Roote Mark VIA 
model electrofisher (pulsed D.C. at 672 V) was 
undertaken during daylight hours. The length of 
stream sampled was determined by available shoreline 
access and nature of the water at the sampling site and 
ranged from 40 to 150 m. 

A series of 8 mesh nets (38-127 mm diagonal 
stretch-mesh in 12.7 mm gradations) and two fyke nets 
(20 mm mesh size) were set overnight (1600-0800) for 
one night at each site. 

Fishes were identified according to Cadwallader 
and Backhouse (1983), and the total length (TL) —or 
length to caudal fork (LCF) where appropriate-of 
each individual was measured and recorded. Where 
identification was uncertain, specimens were preserved 
in 10% neutral formalin for later examination. 

RESULTS 

Seventeen species of fish, 12 of which were native, 
were recorded during the survey (Table 2). In addition, 
platypus ( Ornithorhynchus anatinus ), freshwater 
crayfish ( Euastacus varraensis) and freshwater shrimp 
(Australatya striolata) were recorded from the system. 

Short-finned eels were present at all sampling sites 
indicating a widespread distribution throughout the 
river and its upper tributaries (Table 2). Common 
galaxias, redfin and brown trout were also present 
throughout most of the system. Freshwater blackfish, 
mountain galaxias and southern pygmy perch were 
caught only in waters upstream from site 5. Small¬ 
mouthed hardyhead and common carp were caught 
only at sites downstream of Buckleys Falls, although 
anecdotal reports from local farmers and fishermen 
suggest that carp are widely distributed throughout the 
River. Most of the remaining species were captured 
from sites 1-7. Ammocoetes of the pouched lamprey 
were taken from Site 3 only. The ammocoetes are 
probably more widely distributed throughout the River 
but were not captured at other sites because their 
burrowing habits (Potter 1980, Potter et al. 1980) 
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Fig. 1 Map showing sampling sites on the Barwon River and its upper tributaries. 
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FRESHWATER FISHES IN THE BARWON RIVER 
Table 1 

Descriptions of Instream Characteristics at each of the Sites Sampled for Fish on the Barwon 

River and its Upper Tributaries. 


Site 

No. 

Name 

Dominant 

substrate 

Description/Comments 

1 

Lower barrage 

M 

Deep pool, turbid water 

2 

Below Buckleys Falls 

M/C 

Deep pool, turbid water 

3 

Fyansford 

M/C 

Deep pool, turbid water 

4 

Ceres Road 

M/C 

Deep, narrow pools 

5 

Pollocksford 

S/B 

Deep pools, shallow riffles 

6 

Near Inverleigh 

R/C/S 

Deep pools, short riffles 

7 

Falls 

S/M 

Deep, slow pools 

8 

Winchclsea 

S 

Slow pools, short riffles 

9 

Riverstation 

s 

Extensive riffles, short pools 

10 

Conns Lane 

M/C/S 

Extensive pools, short riffles 

11 

Birregurra 

S/M 

Narrow, deep pools 

12 

West Branch 




(Forrest) 

M 

Narrow pools, short riffles 

13 

East Branch 

M 

Extensive shallow pools 

14 

Dewings Creek 

M 

Narrow, shallow runs 

15 

Matthews Creek 

C 

Shallow runs, few deep pools 

16 

Callahans Creek 

M 

Shallow runs, few deep pools 

17 

Boundary Creek 

M 

Narrow, shallow runs 


M = Mud, C = Clay, S = Sand, B = Boulders, R = Rubble. 


reduced their susceptibility to capture with the fishing 
methods used. 

DISCUSSION 

Of the 17 species of fish caught during the study, 
one, the mountain galaxias, was recorded for the first 
time from the Barwon River. There was a larger 
number of fish species caught in the lower reaches of 
the River compared with the headwaters, probably 
reflecting a progressive increase downstream in the size 
and diversity of available habitat. Only seven species 
were collected from the upper tributaries and these 
were predominantly small fish such as common 
galaxias, mountain galaxias and southern pigmy perch, 
with the occasional short-finned eel and trout. Thirteen 
species were captured from the mid section of the River 
from Birregurra downstream to Pollocksford. This 
section contained most of the river blackfish 
encountered in the survey. The fish fauna downstream 
from Buckleys Falls consisted of 14 species and was 
characterised by the abundance of introduced species 
such as carp, tench and goldfish. The mosquito fish 
(Gambusia a/finis holbrooki) and Macquarie perch 
(Macquaria australiasica) have been recorded from the 
lower regions of the Barwon River (Cadwallader 1981, 
Raadik 1986), but none were encountered during the 
present survey. Redfin and brown trout were collected 
in greatest numbers from waters upstream of Buckleys 
Falls. 

The absolute distribution —and also the relative 
abundance of species at different locations in the 
Barwon River —could not be accurately assessed from 
the sampling techniques used in the present study. 
More thorough sampling might have provided data 


on relative abundance of species, but might also have 
had deleterious effects on the populations at each site. 

A particularly interesting result was the large 
number of grayling downstream of Buckleys Falls. The 
small number of grayling collected above Buckleys 
Falls may indicate that the Falls presents a partial 
barrier to upstream movement of this species. Berra 
(1982) and Bacher and O’Brien (in press) suggest that 
grayling spawn in fresh water and that larvae and early 
juveniles develop in estuarine waters. If this is an 
accurate reflection of early life history requirements 
of grayling it is heartening that Buckleys Falls and the 
lower barrage near Lake Connewarre are not 
insurmountable obstacles for upstream migration of 
the species. 

The grayling has, for some time, been considered 
one of the four most seriously-threatened, freshwater 
fish on the Australian continent (Lake 1971), and more 
recently its conservation status in Victoria has been 
defined as vulnerable (Cadwallader et al. 1984). In a 
comprehensive study of the life history and biology 
of grayling, Berra (1982) concluded that deterioration 
of habitat by siltation and the construction of barriers 
to the upstream movement could accelerate the decline 
of the species. 

Much of the Barwon catchment is highly modified 
and water quality in the river (particularly salinity) has 
caused concern for some time (Geelong Water Works 
& Sewerage Trust 1979). The presence of grayling in 
the lower reaches of the river indicates adequate water 
quality for this species during the survey period. There 
are no specific data on the habitat or water quality 
requirements and tolerances of grayling. Therefore, 
the only recommendations that can be made for 
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conservation of the species in the Barwon system is 
the maintenance of existing, or improved, water 
quality and habitat. 

Any changes to present patterns of water How over 
existing or future river barriers in the Barwon River — 
particularly in the river’s lower reaches —should be 
developed with knowledge of the probable requirement 
for upstream migration of juvenile grayling. The 
Barwon River contains a regionally-important breed¬ 
ing population of grayling that should be protected. 
Proposed construction of impoundments on rivers in 
Gippsland, which also contain remnant populations 
of grayling, adds importance to the maintenance of 
a substantial breeding population towards the western 
limits of the now restricted range of this species. 

Tupong were mainly collected downstream of 
Buckleys Falls despite the presence of substantial areas 
of seemingly suitable, slow-water habitat upstream 
from the Falls. If tupong spawn in estuarine waters, 
as has been suggested by Cadwallader and Backhouse 
(1983), the distribution of this species in the Barwon 
River can be attributed —at least in part —to their 
inability to move upstream past Buckleys Falls. 

Other native species found upstream from 
Buckleys Falls were the Australian smelt, short-finned 
eels, common, spotted and mountain galaxias, small¬ 
mouthed hardyhead and pouched lamprey. These 
species are known or are presumed to require access 
to and from estuarine waters to successfully complete 
their life cycle (Cadwallader & Backhouse 1983). 
Adequate flows of water over the Falls during the 
upstream migration periods of these species must be 
provided if maintenance of existing populations is a 
management objective. 

In spite of substantial modification of the 
catchment and structure of the Barwon River since 
European settlement, populations of freshwater fishes 
of both angling and conservation value have survived 
throughout the system. Introduced species such as 
brown trout and redfin, which are of considerable 
recreational value, have spread along most of the 
length of the river. Other introduced species such as 
carp and tench which are also of considerable 
recreational value are concentrated in the river’s lower 
reaches. Any proposals to improve existing facilities 
for upstream movement of fish in the Barwon River 
should consider the possibility of an upstream 
movement of common carp, tench and tupong and 
perhaps an increase in the numbers of these species 
in the middle reaches of the River. 
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A NEW SPECIES OF SCINCID LIZARD (LYGOSOMINAE: 
L EIOL OP ISM A ) FROM THE HIGHLANDS OF TASMANIA 
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Abstract: A new species of lygosomine scincid lizard, Leiolopisma orocryptum , is described. The 
new species is known from at least two populations in southwest Tasmania. The type series was collected 
from a distinctive subalpine habitat characterized by dense heathy vegetation. L. orocryptum is most similar, 
and probably most closely related to three other Tasmanian species of Leiolopisma, L. pretiosum, L. 
microlepidotum and L. metallicum , and problems of differentiating the four species are discussed. 


The island state of Tasmania forms the most 
southerly projection of the Australian continent and 
its cool, cloudy and wet climate supports a relatively 
impoverished reptilian fauna. Fifteen species of liz¬ 
ards and three species of snakes are recognised from 
Tasmania and its adjacent small islands, including the 
islands of Bass Strait (Rawlinson 1974a, 1974b, 1975). 
This diversity compares with 32 lizards, nine snakes 
and a turtle known from the adjacent temperate main¬ 
land (southern Victoria) (Rawlinson 1974a, Hutchin¬ 
son & Robertson ms.). 

The Tasmanian fauna is, however, more than a 
diminished southern extension of the southeast main¬ 
land fauna. Five of the State’s fourteen species of skink 
are endemic, all members of the lygosomine genus 
Leiolopisma (.sensu Greer 1982, Hutchinson et al. in 
press). Two of these, L. ocellatum (Gray 1845) and 
L. pretiosum (O’Shaughnessy 1874) are widespread 
and have long been recognized as distinct. The other 
three are confined to more specialized habitats. L. pal - 
freymani (Pseudemoia palfreymani auct.) was 
described by Rawlinson (1974b) and is confined to the 
islet of Pedra Branca, the southernmost island on the 
Australian continental shelf (43°52 , S, 146°59'E). 
L. greeni was described the following year (Rawlin¬ 
son 1975). It is an alpine specialist, confined to rocky 
areas above the treeline in the northern half of Tas¬ 
mania. The third species, L. microlepidotum 
(O’Shaughnessy 1874), has only recently been resur¬ 
rected from synonymy with L. pretiosum (Hutchin¬ 
son et al. in press) and is another high mountain 
species, occupying similar habitats to L. greeni in 
southern and southwestern Tasmania. 

During fieldwork in southwestern Tasmania in 
January and February 1987, we collected a series of 
unusual Leiolopisma on the upper slopes of Mt Eliza, 
just east of the enlarged Lake Pedder. They were 
clearly distinct from the L. microlepidotum with which 
they were sympatric. Shortly afterwards, three more 
specimens of the same taxon were collected 70 km 
northwest at Algonkian Mountain where they were 
sympatric with L. metallicum. The two populations 


are identical in colour and scalation and possess a com¬ 
bination of character states not known to occur in any 
of the described Tasmanian species. It is evident that 
the two populations represent a new species which is 
described below, and compared with its relatives in 
the Tasmanian radiation of Leiolopisma. 

Leiolopisma orocryptum sp. nov. 

Figs 1-3 

Holotype: Tasmanian Museum (TM) C685. Adult 
male. 

Type Locality and Collectors: High Camp 
Memorial Hut on the Mt Anne trail, upper slopes of 
Mt Eliza (42°58'S, 146°24'E), 970 m elevation, Tas¬ 
mania. M. N. Hutchinson and T. D. Schwaner, 
31/i/87. 

Diagnosis: L. orocryptum is a medium-sized (adult 
SVL 48-62 mm) member of the Australian 
Leiolopisma (sensu Greer 1982) radiation with the fol¬ 
lowing unique combination of character states: fron- 
toparietals fused; supranasals and postnasals absent; 
28-32 midbody scale rows (usually 28 or 30), 59-66 
(mean 62) paravertebral scales; long limbs (hind limbs 
ISWoAbVQ of SVL), viviparous (litter 3 or 4); colour 
pattern including a black vertebral stripe and white 
mid-lateral stripe and with dark dorsal flecks tending 
to align longitudinally. 

Etymology: The specific name comes from the Greek 
oros (mountain) and kruptos (hidden), referring to the 
fact that the species has remained hitherto undetected 
in its montane habitat. 

Description of Holotype: Scale nomenclature and 
positions of measurements follow Greer (1982). Mid¬ 
body scales in 30 rows. Dorsal scales with three shallow 
grooves, lateral scales weakly grooved. Paravertebral 
scales 62. Mid ventral scales (mental to preanal inclu¬ 
sive) 73. Preanal scales ten, the median four slightly 
enlarged. Palmar tubercles rounded. Subdigital lamel¬ 
lae smooth, undivided, 21 under the fourth toe. 
Supranasal and postnasal scales absent. Rostral and 
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Fig. 1 — Holotype specimen of Leiolopisma orocrypturn n.sp. (TM C685), Mt Eliza southwest Tasmania 


frontonasal in narrow contact. Prefrontals separated, 
frontal contacts frontonasal. Supraoculars four, the 
second the largest; first and second in contact with 
frontal. Frontoparietals fused. Interparietal distinct. 
Parietals large, contact behind the interparietal. Each 
parietal bordered posterolaterally by the upper secon¬ 
dary temporal and an enlarged nuchal. Supraciliaries 
seven. Loreals two, subequal in size. Preoculars two, 
the lower twice as deep as the upper. Presubocular 
single (a second small presubocular on the left side). 
Upper ciliaries nine, the 6th, 7th and 8th enlarged. 
Lower ciliaries eleven. A moderate, transparent, pal¬ 
pebral disc in the lower eyelid. Upper labials seven, 
the fifth subocular. Second upper labial large, con¬ 
tacting the lower preocular. One primary and two 
secondary temporals. Lower labials seven (six on the 
right side due to fusion of the first lower labial with 
the mental). Postmental contacts first and second 
lower labials. Ear opening obvious, vertically oval, 
without well-developed lobules. 

Snout-vent length (SVL) 57 mm. Length of tail 
(original) 87 mm (153% of SVL). Length of forelimb 
16 mm (28% of SVL). Length of hind limb 23 mm 
(40% of SVL). Head width 8.5 mm (15% of SVL). 
Length of eye 2.5 mm. Length of palpebral disc 1.1 
mm (44% of eye length). Maximum diameter of ear 
opening 1.4 mm (56% of eye length). 

Dorsal surface of head, body, tail and limbs light 
brown. A ragged black vertebral stripe runs from the 
nuchal scales, along the back and along the tail where 
it becomes broken into a series of black flecks. Two 
weaker black lines flank the vertebral stripe on each 
side, all five dorsal lines being formed by dark pig¬ 
ment disposed in the corners of the six median dorsal 
scale rows. The four median scale rows (rows 1 and 

Fig. 2 —Head shields of Leiolopisma orocrypturn n.sp., holo¬ 
type specimen (TM C685). A, dorsal view; B, right lateral view. 
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Fig. 3 —Map of southwest Tasmania show¬ 
ing collecting localities for Leiolopisma 
orocryptum n.sp.; Mt Eliza is the type lo¬ 
cality. The outline indicates the boundaries 
of the Western Tasmanian World Heritage 
wilderness area. 


2 on each side) also have scattered darker smudges and 
flecks. Dorsolateral area unmarked pale brown, form¬ 
ing a weakly-defined, dorsolateral, pale stripe. A 
broad, dark, upper, lateral stripe runs over scale rows 
4-7. The stripe runs forward broadly over the tem¬ 
porals to the orbit and narrows anteriorly to form a 
dark canthal line ending at the naris. Posteriorly it 
breaks up on the base of the tail into a narrow series 
of dark flecks. A prominent grey-white, mid-lateral 
stripe borders the upper lateral stripe ventrally, and 
is, in turn, margined below by a zone of blackish 
flecks. Dorsal surfaces of limbs brown with irregular 
black spots. Palmar and plantar surfaces dark grey. 
Subdigital lamellae black. Venter, pale whitish grey, 
immaculate apart from some greyish smudges on the 
chin and gular scales. Colour in life similar to that in 
preservative. 

Paratypes: Twenty five specimens (TM C657-679, 
C684, C776) same locality and collection data as the 
holotype. Eight specimens are regarded as mature 
males, nine as mature females, four as immature males 
and four as immature females. 

Description: As for holotype, with the following 
additions and exceptions. Midbody scales in 28-32 
rows (mean 29.3, mode 30). Dorsals weakly-grooved. 


Paravertebral scales 59-66 (mean 61.9). Subdigital 
lamellae under fourth toe 20-24 (mean 22.2). Prefron- 
tals separated (24 specimens) or in point contact 
(1 specimen). Supraciliaries 7/7 (11 specimens), 6/6 
(5 specimens) or 6/7 (9 specimens). Presuboculars 1 
(23 specimens) or 2 (2 specimens). Second upper labial 
enlarged, in at least point contact with lower preocu¬ 
lar (19 specimens) or fails to contact lower preocular 
(6 specimens). Lower labials 7/7. 

Snout-vent length of adult males (with enlarged 
testes) 47-62 mm (mean 54.9); of adult females (as 
large as or larger than the smallest with young) 52-62 
mm (mean 56.7). Length of original tail (as °/o SVL) 
122-162 (mean 144). Length of hind limb (as <7o SVL) 
34.8-46.0 (mean 40.4). Head width (as °7o SVL) adult 
males 13.4-15.3 (mean 14.3); adult females 11.3-13.3 
(mean 12.3). 

In preservative, dorsum light to dark brown. A 
black vertebral stripe present in all specimens, 
although broken into a series of irregular black spots 
in some, running from just behind the nuchal scales 
and onto the tail where it continues as a series of dark 
smudges. Four median, dorsal scale rows with varia¬ 
ble black markings. In most, these markings are 
aligned longitudinally to form an interrupted dark 
laterodorsal line on each side. Additional mid-dorsal 
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Table 1 

Summary of Differences among Four Tasmanian Species of Leiolopisma* 


Character 

L. metallicum 

L. microlepidotum 

L. orocryptum 

L. pretiosum 

Midbody scale rows 
(modes) 

22-29 
(24, 26) 

30-44 
(34, 36)** 

28-32 
(28, 30) 

32-38 
(34, 36) 

Paravertebral scales 
(mean, n) 

52-63 

(57.4, 106) 

61-81 
(71.2, 58) 

69-66 
(61.9, 26) 

58-67 
(61.8, 79) 

Adult SVL (mm) 

(mean, n) 

47-66 
(53.0, 89) 

51-69 
(60.0, 61) 

48-62 
(55.9, 18) 

43-57 
(50.3, 53) 

Male hind limb length ( °7o SVL) 
(mean, n) 

31-40 
(37, 41) 

35-45 
(40, 39) 

40-46 

(43,9) 

37-43 
(40, 15) 

Presuboculars 

1 

Usually 2 

1 

1 

Paravertebral scales 
enlarged transversely 

Yes 

No 

No 

No 

Prominent white 
midlateral stripe 

Variable 

Usually absent 

Present 

Present 

No. of scale rows contacted 
by black lateral stripe 

3 

4 or 5 

4 

4 

Dorsal markings 
include whitish flecks 

Sometimes 

Never 

Never 

Usually 

Red venter in adults 

Usually 

Never 

Usually absent 
(present in 

1 specimen) 

Frequently 


* Excludes island populations. 

** Based on the main south-central Tasmanian populations. Far southern specimens have a mode of 32, 
while at Mt Wellington (southeast isolate) the modes are 38 and 40 (Hutchinson et al. in press). 


dark flecking is also present in most adult specimens. 
Dark markings much reduced and almost absent in 
young individuals. Dorsolateral scales (row 3 on each 
side) usually immaculate, and often paler golden 
brown, forming a dorsolateral light stripe. Broad, 
black, upper, lateral stripe running from the temporal 
region above the axilla to the base of the tail, where 
it narrows before fading about midway along the tail. 
This stripe usually immaculate except for scattered pale 
brown or white flecks near its ventral margin. A broad, 
ragged-edged, grey-white, mid-lateral stripe runs from 
the posterior labial scales to the insertion of the hind 
limbs. This stripe margined below by a zone of dark 
grey or black flecks. Top of head with variable dark 
flecks. Limbs brown with black and pale brown speck¬ 
ling. Venter pale whitish grey, immaculate except for 
some grey flecks on the neck and chin scales in a few 
specimens. 

Coloration in life as above. The only exception was 
a large female (TM C684) which had bright red ven¬ 
tral colouring running from the chest to the tail tip. 
No other specimens showed any red ventral pigment. 

Cranial osteology: Skulls of a single adult male and 
female were prepared and the following taxonomi- 
cally-important features noted. Premaxillary teeth 11 
(5 left, 6 right); palatal rami of the palatines overlap¬ 
ping medially and with prong-like posteromedial 
projections; pterygoids widely separated without 


posteromedial palatal projections; pterygoid teeth 
absent; ectopterygoids without anteriorly-directed 
process towards palatines; frontals fused; prefrontals 
with tapered anterior projections which almost reach 
the narial openings, nearly excluding contact between 
the maxillae and frontal; upper temporal fenestrae 
present, small. 

Habitat at Type Locality: Low (2-3 m) Eucalyptus 
coccifera woodland with dense, heathy understorev 
including Richea , Olearia and Telopea. This wood¬ 
land is limited to a zone on the western face of Mt 
Eliza between approximately 920 m and 1000 m eleva¬ 
tion. Below it is a uniform buttongrass ( Gymnoschoe - 
nus) dominated slope and above is the alpine boulder- 
scree habitat which continues up to the Eliza plateau. 
The type series was collected between about 11 am and 
1 pm on a sunny day. Lizards were using the bases 
of branches of Eucalyptus as basking sites and were 
also observed clambering through the outer foliage of 
understorey shrubs. Although rocky outcrops and 
boulders were thickly scattered through this woodland, 
the lizards appeared to prefer the dense vegetation to 
the rock surfaces as sites for their activity. This spe¬ 
cies was not observed above or below the limits of this 
dense vegetation. 

Sympatric Species: Leiolopisma microlepidotum also 
occurs at the type locality where it is completely re¬ 
stricted to emergent rock faces and boulders. L. oro - 
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cryptum and L. microlepidotum were collected within 
a few metres of each other. L. microlepidotum 
becomes more common towards the upper limits of 
the woodland where this habitat gives way to a steep 
dolerite boulder scree which marks the start of the 
alpine zone, and is the only species of reptile in this 
habitat. Just below the lower limit of the woodland 
habitat Leiolopisma metallicum is moderately 
common, and a single elapid snake, Notechis ater y was 
also collected on the lower slopes. 

Referred Specimens: Three further specimens of 
L. orocryptum (TM C794-6) were collected at the 
summit of Algonkian Mountain (42°14'S, 146°03'E), 
70 km NNW of Mt Eliza. The three, a pregnant female 
and two immature specimens, fall within the scalation 
parameters of the type series, and have identical colour 
patterns. They were collected with two specimens of 
L. metallicum . Their collector, Dr S. Smith, Tasma¬ 
nian National Parks and Wildlife Service, has 
informed us that the five lizards were collected just 
below the summit of the mountain, at about 1020 m 
elevation. They were mostly collected about 1 m above 
the ground in flowering bushes of Leptospermum 
rupestre , surrounded by low heath vegetation and 
burnt open areas of pineapple grass (Astelia alpina). 
Thus arboreal activity and preference for alpine-heathy 
vegetation appear to be consistent features of the two 
known populations of L. orocryptum. 

Both populations are from areas presently enclosed 
within national parks which are part of the Western 
Tasmanian World Heritage area (Fig. 3). This is a 
wilderness area which is very poorly surveyed biolog¬ 
ically so that it is almost inevitable that further popu¬ 
lations of L. orocryptum will be found there. The lack 
of any access to most of this area helps to explain the 
long delay in discovering this species as does its appar¬ 
ent preference for some of the most difficult terrain 
in the region-high-altitude, dense, prickly scrub. 

One further specimen is probably referrable to this 
species. Museum of Victoria (MV) D38006 was col¬ 
lected from Strahan, almost at sea level on the west 
coast (Rawlinson pers. comm.). Its size (59 mm SVL), 
body scalation (32 midbody, scale rows, 59 paraver- 
tebrals), bold white midlateral stripe and forested 
habitat all suggest L. orocryptum. Unusual features 
for this specimen are the low elevation from which it 
was collected and its completely-unmarked, golden- 
brown dorsum. The plain dorsal colouring is however 
seen in some young specimens from Mt Eliza, so that 
this variation is not unknown in this species. By con¬ 
trast, the two other Tasmanian species which show 
overlap with this specimen in midbody scale counts, 
(L. microlepidotum and L. pretiosum ), do not 
approach it as closely in colour pattern (neither spe¬ 
cies), paravertebral counts ( L . microlepidotum) or size 
(L. pretiosum) as does L. orocryptum. Further speci¬ 
mens of this population are highly desirable to con¬ 
firm both the identification and the habitat preference, 
as it raises the possibility that L. orocryptum is widely 
distributed, in suitable habitats, through much of 
western Tasmania. 
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Reproduction: Six of the type series were pregnant 
females containing 3 or 4 (mean 3.12, mode 3) 
embryos, all of which were well grown, but still 
unsealed and clearly not close to parturition. Three 
other females showed no signs of embryo develop¬ 
ment, but were at least as large as the smallest female 
(SVL 52 mm) with young. These latter three appear 
to have not bred this year. The adult males had moder¬ 
ately to greatly-enlarged testes, indicating the onset 
of reproductive activity. Apparently L. orocryptum 
is similar to other Australian viviparous Leiolopisma 
in having the male and female gonadal cycles out of 
phase (Rawlinson 1974a). Males presumably insemin¬ 
ate females in late summer-early autumn, after par¬ 
turition. Females would then store the sperm over 
winter and ovulation and fertilization would occur 
during the following spring. 

The presence of non-breeding females in this popu¬ 
lation is concordant with earlier observations on L. 
microlepidotum and L. greeni (Greer 1982, Hutchin¬ 
son et al. in press). Both species are restricted to alpine 
areas in Tasmania and have populations which include 
females which do not breed every year. For example, 
in series of L. microlepidotum we collected at Mt Eliza 
and Mt Hartz, 60% and 67% respectively of the 
females were pregnant, while populations of L. greeni 
from Mt Rufus and Pine Lake had 54% and 60% of 
the females pregnant. No work has yet been done to 
establish why females of these species would skip a 
breeding season, but we suspect that the climate plays 
an important role. Summer in the Tasmanian high¬ 
lands is short and cool by Australian standards and 
daily weather conditions vary greatly, including the 
possibility of snow in every month of the year. Such 
a climate would be expected to result in a reduced, 
and often interrupted, active season for montane 
skinks, so that not all females may be able to forage 
sufficiently to provide yolk for developing eggs. 

DISCUSSION 

Leiolopisma orocryptum is most similar in mor¬ 
phology to three other species which occur in Tasma¬ 
nia, L. metallicum , L. microlepidotum and 
L. pretiosum. All four have fused frontoparietals, lack 
supranasals and postnasals, have a colour pattern con¬ 
sisting basically of a black-marked brown dorsum and 
black upper lateral stripes, and show' overlap in mid¬ 
body scale-row count. Intraspecific variation in sca¬ 
lation and coloration can mean that individuals of one 
species can resemble one of the others very closely in 
particular features, although taking several features 
together normally enables unambiguous identification 
(Table 1). 

The greatest amount of overlap is between some 
L. orocryptum and southern (allopatric) L. micro¬ 
lepidotum (Mt Hartz/Mt La Perouse area; see Hutch¬ 
inson et al. in press). Southern L. microlepidotum have 
unusually variable paravertebral counts, and low 
counts (less than 68) are relatively common. These 
animals also may have only 30 midbody scales 
(although this count is rare) so that both parameters 
may be within the normal range of L. orocryptum. 
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In addition, these southern L. microlepidotum include 
a colour-pattern variant not seen elsewhere in the range 
of the species in which black paravertebral stripes are 
present, as in many L. orocryptum , and a white mid- 
lateral stripe may also be distinct. Should all of these 
be present on a single individual, as is the case in TM 
C355 from the Mt La Perouse area, there is neverthe¬ 
less a general impression of robustness and shortness 
of limbs which identifies the specimen as L. micro¬ 
lepidotum. However this ambiguity is admittedly a 
problem in these southern areas and further work is 
needed to clarify the limits of variation within these 
two species. 

It is also of interest to note that while L. metalli- 
cum includes specimens which may resemble L. oro¬ 
cryptum in scale counts and colour pattern, the 
populations from southwest Tasmania which are sym- 
patric or parapatric with L. orocryptum do not include 
such individuals. In these populations all animals 
appear to be consistently very strongly striped with no 
speckling breaking up the dark dorsal or white lateral 
lines, and the scales are usually strongly keeled, often 
with angular free margins. 

L. orocryptum with a weakly-developed dorsal pat¬ 
tern can strongly resemble similarly lightly-patterned 
L. pretiosum. The latter species however is markedly 
smaller and there is little overlap in midbody scale row 
counts. The two species have not yet been recorded 
in sympatry, and relatively few specimens of L. oro¬ 
cryptum are known, so that future efforts to find sym- 
patric or closely-parapatric populations of L. 
orocryptum and L. pretiosum are essential to estab¬ 
lish the presence or absence of any intergradation. 

Rawlinson (1974b, 1975) and Greer (1982) have 
identified two subgroups within the southern Aus¬ 
tralian Leiolopisma , the litter-dwelling, large-scaled 
baudini group and the scansorial small-scaled spen- 
ceri group. There is actually considerable overlap in 
most of the characters used to define these groups (see 
Greer 1982, table 8), the only clear differences being 
a consistently small litter size (1-4) and a flattened, 
long-legged habitus in the spenceri group, versus clutch 
or litter size (1-12) positively correlated with female 
size in the baudini group, in which the species have 
a more short-limbed, non-depressed habitus. Within 
the Australian Eugongylus group (Greer 1979), the 
body shape and restricted litter size of the spenceri 
group are probably both derived, so that the baudini 
group species are united by primitive character states, 
implying that they, at least, may not be monophyletic. 

Hutchinson et at. (ms.) questioned the phylogenetic 
reliability of the two species groups, but suggested that 
at least most of the spenceri group species (all except 
L. spenceri itself) were probably monophyletic and 
termed these the Tasmanian subgroup, because all 
were restricted to Tasmania or its adjacent islands. L. 
orocryptum is clearly a member of this Tasmanian 
subgroup that therefore now includes L. greeni, L. 
microlepidotum, L. ocellatum, L. orocryptum, L. pal¬ 
frey mani and L. pretiosum. 


Compared with L . spenceri , the Tasmanian spe^ 
cies are derived in having fused frontoparietals, but 
L. spenceri has a derived, large, palpebral disc 
(diameter 0.6 times the eye diameter) and the variable 
development of beta-like projections (Greer & Parker 
1968) on the pterygoids (MNH, pers. obs.), both feau 
ures being uniquely shared with L. entrecasteauxii , ^ 
baudini group species. It is thus possible that L. spen^ 
ceri represents an independent scansorial lineage an^i 
that its sister taxon is L. entrecasteauxii rather thai^ 
the Tasmanian subgroup. In their turn, the species o f 
the Tasmanian subgroup may share a sister group rela^. 
tionship with one or more baudini group species^ 
L. metallicum with its fused frontoparietals, small pall 
pebral disc, viviparity, overlapping range of colour 
patterns and Tasmanian centre of diversity is the most 
likely such sister taxon. 

The link between L. metallicum and the Tasma^ 
nian subgroup species is strengthened by the presence 
in L. metallicum, L. pretosium and L. ocellatum or 
a unique type of chorioallantoic placenta (Type II or 
Weekes 1935, Yaron 1985). L. spenceri probably 
shares a different placental structure (Type III, Weekes 
1935) with L. entrecasteauxii , which may also 
strengthen the argument for these two species to be 
grouped together. The second case is less strong 
however, since the Type III placenta has evolved more 
than once (also in Chalcides chalcides) and there is 
some doubt concerning the identity of all of Weekes’ 
specimens of L. spenceri , at least some of which were 
probably L. coventryi (Rawlinson 1974b). 

A recent hypothesis for another method of sub¬ 
dividing Australian Leiolopisma is that proposed by 
Greer (in press, pers. comm.), which suggests that 
L. spenceri and L. palfrey mani (i.e. Pseudemoia ), plus 
the L. entrecasteauxii complex, L. zia, L.jigurru and 
L. coventryi, can be separated from the rest based on 
the fusion of the atlantal neural arch to the centrum. 

These hypotheses are all based on a small number 
of derived character states, and parallel evolution is 
likely to be a problem here, as it is with virtually all 
scincid phylogenetic characters. Biochemical studies 
currently being carried out by Baverstock and co¬ 
workers and by two of us (MNH and TDS) should 
help to choose among these hypotheses and determine 
the patterns of morphological change within this group 
of species. 
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SHORT COMMUNICATION 

FIRST RECORD OF TRACHINOCEPHALUS MYOPS (SCHNEIDER, 1801) 
(PISCES: SYNODONTIDAE) IN VICTORIAN WATERS 


Members of the family Synodontidae (lizardfishes) gener¬ 
ally occur on sandy substrates in tropical and sub-tropical 
seas (Norman 1935). Off the coast of northern Australia, for 
example, these fish arc a significant component of the catch 
taken by vessels trawling the continental shelf (Edwards 1983). 
Individuals of Trachinocephalus myops belong to a mono- 
typic genus which has a broad circum-tropical distribution 
(Norman 1935, Munro 1955, 1967). In Australia, T. myops 
has been recorded previously in waters less than 200 m deep 
off the northern half of the continent, and southward to 
Garden Island (32°10'S) off Western Australia, and Botany 
Bay (34°00'S) in New South Wales (State Pollution Control 
Commission 1981, Hutchings & Thompson 1983, Sainsbury 
et al. 1985). 

The first record of T. myops in Victorian waters was made 
in Anderson Inlet (38°4(yS, 145°45'E) in April 1981. One 
juvenile T. myops (length to caudal fork: 45 mm; wet weight 
613 mg) was collected at Mann’s Landing on a sandflat 
covered by less than 1 m of water with a temperature of 
17.5°C and a salinity of 32 p.p.t. This inlet was sampled as 
part of a preliminary survey of juvenile fish in inlets and 
estuaries along the coast of Victoria; the results of this survey 
are summarized in Ramm (1986). The occurrence in Victorian 
waters of T. myops and other taxa, such as the boxfish Lac- 
toria cornutus (Ramm 1986), and the copepods Acartia danae 
and Temora turbinata (G. F. Watson pers. comm.), which 
have tropical or warm temperate affinities, may be correlated 
with the geographic extent of the East Australian current. 
This current is known to intrude into the eastern region of 
the Bass Strait during summer (Rochford 1976). 
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MACROALGAE IN THE YARRA RIVER BASIN- 
FLORA AND DISTRIBUTION 

Timothy John Entwisle 
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Entwisle, T.J., 1989:10:30. Macroalgae in the Yarra River basin: flora and distribution. 

Proceedings of the Royal Society of Victoria 101: 1-76. ISSN 0035-9211. 

Forty three species and 13 “vegetative groupings" of macroscopically visible, attached 
algae arc described from flowing water in the Yarra River basin near Melbourne, south¬ 
eastern Australia. Species and subgcneric vegetative groups from the Rhodophyta (18%), 
Chlorophyta (55%), Chrysophyta (13%) and Cyanophyta (= Cyanobacteria; 14%)’are repre¬ 
sented. This first algal flora for the region includes keys, descriptions and habitat notes for all 
species described. Stream habitats are classified into 11 macroalgal communities, ranging 
from the CladophoralStigeoclonium community in eutrophic, alkaline, hard urban creeks, 
to the batrachospermaccous communities in oligotrophic, acidic mountain streams. The 
“potential" flora in each habitat depends mainly on temperature, pH, hardness and total 
nutrients, whereas the “expressed" biomass at any time depends on seasonal variations in 
temperature and light, and on the periodicity and severity of floods. The results of the Yarra 
River basin survey are generally similar to those of overseas studies, although there are some 
differences in species composition. 
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CATALOGUING and classifying stream com¬ 
munities of macroscopic algae in relation to 
physical and chemical attributes of waterways 
have been carried out in many river basins of 
Europe and North America (Blum 1959, Whit- 
ton 1984). In Britain, biological indicator spe¬ 
cies and communities are frequently used to 
assess stream pollution (Connor 1985). Major 
algal blooms resulting in significant degradation 
of waterways in New Zealand consist primarily 
of filamentous macroalgae (Biggs 1985). Such 
blooms are unattractive aesthetically, reduce the 
value of rivers for fishing and swimming, 
degrade water quality by causing large diurnal 
fluctuations in pH, and clog water-intake piping 
(Biggs 1985). 

The terms “macroalgac” (macroscopically 
visible, usually filamentous, algae) or “meso- 
phytes” (sensu Goldman & Horne 1983) are 
useful labels for the group of freshwater plants 
dealt with in the present survey. Such organisms 
classically have been termed the “Confervae”, 
and in the early days of Linnaean botany were 
regarded as “a natural family” (Dillwyn 1809: 
50). Although the “Confervae” is now known to 
include representatives of several divisions with 
a diverse array of life histories and biochemis¬ 
tries, it provides a convenient ecological unit of 
study. It includes algae distinct from the phyto¬ 
plankton and microalgae, which require differ¬ 
ent methods of collection and preservation. In 
eighteenth century England, the Confervae were 
described as the “opprobrium of botany” (Smith 
1791: 34). Such freshwater algae in Australia 
today fare little better in the regard of most 
scientists. 

Prior to the survey of freshwater Rhodophyta 
by Entwisle & Kraft (1984), over 60 years had 
elapsed since any significant records of 
freshwater macroalgae in Victoria had appeared 
in scientific journals. Most early publications 
(e.g. Watts 1865, 1887; Hardy 1905, 1906) dealt 
only incidentally with the algae of rivers, and 
then only in the form of checklists of species. 
The inability to verify earlier Victorian records, 
due to inadequate preservation or description of 
critical taxonomic characters, or lack of any 
voucher material, renders most of them suspect 
or worthless (Entwisle 1989b). Compared with 
the information currently available on the inver¬ 
tebrate and vertebrate fauna of inland waters 
(Bayly Sc Williams 1973), our understanding of 
the algae, particularly the macroalgae, is very 
poor. 

Although most species of freshwater macro¬ 
algae are assumed to be cosmopolitan, there is 


no one source (or even combination of accessi¬ 
ble sources) which can be used for identification 
of the Australian representatives. Since the 
1960s there have been many taxonomic revi¬ 
sions of freshwater macroalgal groups (e.g. van 
den Hock 1963 on Cladophora ; Rippka et al. 
1979 and Drouet 1981 on Cyanophyta; Cox & 
Bold 1966 and Simons et al. 1986 on Stigeoclon- 
ium) which have resulted in the renaming and 
synonym izing of many species. A critical evalua¬ 
tion of the morphological and habitat range of 
each taxon is also needed for each particular 
region; only the Rhodophyta (Entwisle & Kraft 
1984) and Vaucheria (Entwisle 1988) have 
received any contemporary taxonomic treat¬ 
ment in Australia. 


THE YARRA RIVER BASIN 

The Yarra River is over 200 km long, with its 
headwaters in the Great Dividing Range at alti¬ 
tudes over 800 m above sea level, and its lower 
reaches in urban Melbourne. Its catchment of 
1200 km 2 includes forestry, agricultural and 
urban land uses. The undisturbed highland trib¬ 
utaries are mostly soft, acidic and well-shaded, 
whereas those flowing through urban areas are 
hard, alkaline, and carry considerable nutrient 
loads (Victoria E.P.A. 1983). Turbidity is no¬ 
toriously high in the Yarra River itself and in 
some of the major tributaries, but most smaller 
streams carry little particulate matter in normal 
flow. The substrata supporting macroalgae 
range from gravel and boulders (sensu Cummins 
1962) in most riffle areas, to aquatic angio- 
sperms. 

Numerous studies have reported on various 
facets of the Yarra River basin, including geo¬ 
logy (Jutson 1911, VandenBerg 1973, 
Rosengren et al. 1983), water quality (Scott & 
Furphv 1972, Consulting Environmental Engi¬ 
neers 1986, Victoria E.P.A. 1982, 1983) and 
invertebrates (Victoria R.W.C. 1985, Campbell 
et al. 1982), and there are also many unpub¬ 
lished data on water quality and quantity. The 
rivers and streams of the Yarra River basin 
supply Melbourne with drinking water, recrea¬ 
tion facilities and waste drains (the objectives 
for water quality are outlined in State Environ¬ 
mental Protection Policy No. W-29, made an act 
of parliament in 1984). The adjacent habitats 
range from protected, pristine forests to the 
second-most densely populated urban region on 
the continent. The Yarra River basin, therefore, 
is an important region on which to base this first 
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floral and ecological study of freshwater 
macroalgae in Australia. 

METHODS 

Sampling 

Most algae collected were epilithic in riffles 
where the substratum receives sufficient light 
and the exchange of nutrients and wastes is 
adequate. Only plants forming macroscopically 
visible thalli attached to the substratum are 
included in the survey (the smaller Oedogonia- 
ceae and Cyanophyta, for example, are 
excluded). Most collections were from depths of 

Table 1. Sites sampled in the Yarra River basin. 


less than 0.5 m but intensive collecting in deeper 
water near Warburton and Warrandyte failed to 
produce any new records or to indicate major 
changes in floral composition at greater 
depths. 

A total of 121 sites (Table 1, Fig. 1) were 
sampled at least twice, usually in spring and 
autumn during 1986-1988. The species were 
recorded as present/absent or by using a semi- 
qualitative measure of abundance (0 = absent, 1 
= isolated plants, 2 = not common, 3 = common 
and easily observed). Most populations could be 
identified to species level or at least into vegeta¬ 
tive groups on the basis of field material, but 


Site 

No. 

Stream Name & Locality 

Universal 
Grid Ref. 
55H-) 

EPA 

Strata* 

1 

Bushy Creek, Elgar Road 

CU342148 

[7] 

2 

Diamond Creek, Lower Plenty 

CU364217 

[11] 

3 

Diamond Creek, Eltham North 

CU370254 

[11] 

4 

Diamond Creek, Diamond Creek 

CU404327 

[11] 

5 

Diamond Creek, Hurstbridgc 

CU404327 

[11] 

6 

Arthurs Creek, Arthurs Creek 

CU415388 

[17] 

7 

Arthurs Creek, Strathcwen 

CU468427 

[17] 

8 

Diamond Creek trib., St Andrews North 

CU514419 

[17] 

9 

Diamond Creek, Mittons Bridge 

CU485385 

[17] 

10 

Diamond Creek, St Andrews-Hurstbridge Rd 

CU457364 

[17] 

11 

Merri Creek, Heidelberg Road 

CU242160 

[6] 

12 

Darebin Creek, Heidelberg Road 

CU271168 

[8] 

13 

Merri Creek, Clifton Hill 

CU241150 

[6] 

14 

Sassafras Creek, Monbulk-Kallista Rd 

CU585058 

[22] 

15 

Sassafras Creek, Monbulk-Emerald Rd 

CU603058 

[22] 

16 

Yarra River, Kangaroo Ground-Warrandyte Rd 

CU433218 

[3] 

17 

Olinda Creek, Lilydale 

CU555197 

[19] 

18 

Olinda Creek trib., Mount Evelyn 

CU565154 

[19] 

19 

Olinda Creek, Sylvan 

CU593138 

[19] 

20 

McCrae Creek, Yellingbo 

CU685138 

[21] 

21 

Cockatoo Creek, Avonsleigh 

CU678027 

[22] 

22 

Cockatoo Creek trib., Avonsleigh 

CU654009 

[22] 

23 

Gardiners Creek, Ashwood 

CU337090 

[5] 

24 

Woori Yallock Creek, Warburton Highway 

CU689188 

[22] 

25 

Yarra River, Woori Yallock 

CU707187 

[20] 

26 

Yarra River, Warburton (East) 

CU845206 

[23] 

27 

Yarra River, O’Shannassy River junction 

CU928242 

[25] 

28 

McMahons Creek, McMahons Creek 

CU966265 

[26] 

29 

Five Mile Creek, Upper Yarra Reservoir Park 

DU005298 


30 

Armstrong Creek, Recfton 

CU985298 

[26] 

31 

Starvation Creek, Warburton-Woods Point Rd 

CU942249 

[26] 

32 

Plenty River, Mcmda 

CU326365 

[17] 

33 

Coranderrk Creek, Healesville 

CU716283 

[21] 

34 

Myrtle Creek, Healesvilic-Donna Buang Rd 

CU774257 

[24] 

35 

Yhan Creek trib., Donna Buang-Warburton Rd 

CU842252 

[24] 

36 

Cement Creek, Acheron Way-Donna Buang Rd 

CU859253 

[26] 

37 

Rocky Creek, Warburton 

CU862218 

[24] 

38 

Cumberland Creek trib., ‘The Big Culvert” 

DU004424 

[AR/O’S] 

39 

Cora-Lyn Creek, Cora-Lyn Falls 

DU011423 

[AR/O’S] 
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Table 1. Sites sampled in the Yarra River basin. 


Site Stream Name & Locality 
No. 


40 Cumberland Creek, Cumberland Road 

41 Watsons Creek, Eltham-Yarra Glen Rd 

42 Steels Creek, Steels Creek 

43 Dixons Creek, Melba Highway 

44 New Chum Creek, Toolangi-Healesville Rd 

45 Meyers Creek, Meyers Creek Reserve 

46 Watts River, Donnelly Weir Rd 

47 Watts River trib., Maroondah Dam Reserve 

48 Dixons Creek, Yarra Glen racecourse 

49 Shepherd Creek, Gembrook-Launching Place Rd 

50 Clark Creek, Gilwcll Park Reserve 

51 McCrae Creek, Ewart Park Reserve 

52 Hoddles Creek, Gembrook-Launching Place Rd 

53 Little Yarra River, Powelltown 

54 Little Yarra R. trib.. Little Yarra Rd 

55 Darebin Creek, Darebin Parklands (north end) 

56 Darebin Creek, Kingsbury 

57 Darebin Creek, Epping 

58 Mcrri Creek, Somerton 

59 Merri Creek, Preston 

60 Yarra River, Upper Yarra Catchment (Rd 21) 

61 Thompson Dam outflow, Upper Yarra Catchment 

62 Yarra River, Upper Yarra Catchment (Rd 13) 

63 Yarra River, Upper Yarra Catchment (Rd 12) 

64 Clear Creek, Upper Yarra Catchment (Rd 31) 

65 Walsh Creek, Upper Yarra Catchment (Rd 65) 

66 O’Shannassy River, above O’Shannasssy Dam 

67 Picaninny Creek, Maroondah Catchment (Rd 1) 

68 Slip Creek, Maroondah Catchment (Rd 1) 

69 Blue Jacket Creek, Maroondah Catchment (Rd 1) 

70 Coranderrk Creek, Maroondah Catchment (Rd 26) 

71 Watts River, Maroondah Catchment (Rd 27) 

72 Watts River, Maroondah Catchment (Rd 7) 

73 Watts River, Maroondah Catchment (Rd 27) 

74 Watts River, Maroondah Catchment (Rd 4) 

75 Contentment Creek, Maroondah Catchment (Rd 13) 

76 Watts River, Maroondah Catchment (Rd 32) 

77 Donnellys Creek, Maroondah Catchment (Rd 20) 

78 Yarra River, Warburton (West) 

79 Ythan Creek, Yarra River junction 

80 Big Pats Creek, Smyth Creek Rd 

81 Mississippi Creek, Lays Track 

82 Four Mile Creek, below La La Falls 

83 Yarra River, Millgrove 

84 Anderson Creek, Warrandyte Rd 

85 Mullum Mullum Creek, Warrandyte Rd 

86 Ruflys Creek, Parker St 

87 Koonung Creek, Thompsons Rd 

88 Little Yarra River, Yarra Junction 

89 Brushy Creek, Wonga Park 

90 Jumping Creek, Warrandyte-Wonga Park Rd 

91 Plenty River, Morang Sth-Yarrambat Rd 

92 Fir Tree Creek, Gladysdale 

93 Stringybark Creek, Lilydalc-Healesville Rd 

94 Yarra River, Healesville-Lilydale Rd 

95 Yarra River, Tarrawarra 


Universal 
Grid Ref. 
55H-) 


DU010425 

CU460292 

CU568378 

CU595353 

CU664375 

CU693378 

CU705329 

CU721328 

CU575306 

CU734016 

CU747024 

CU765061 

CU759144 

CU912082 

CU860095 

CU266176 

CU267232 

CU264312 

CU212314 

CU218206 

DU 105250 

DU 105252 

DU 100252 

DU 172235 

DU068315 

DU051341 

CU968316 

CU732284 

CU748283 

CU738282 

CU819264 

CU830282 

CU845295 

CU845306 

CU786362 

CU765360 

CU748347 

CU704358 

CU832204 

CU833203 

CU901196 

CU926191 

CU857190 

CU816205 

CU422205 

CU392200 

CU345194 

CU309168 

CU759181 

CU493224 

CU451215 

CU326313 

CU814127 

CU597255 

CU667286 

CU608307 


EPA 

Strata* 


[AR/O'S] 

[17] 

[ 21 ] 

[ 21 ] 

[ 21 ] 

[ 21 ] 

[ 21 ] 

[ 21 ] 

[ 21 ] 

[ 21 ] 

[ 21 ] 

[ 21 ] 

[ 22 ] 

[24] 

[8] 

[ 8 ] 

[8] 

[ 6 ] 

[ 6 ] 

[UPYAR] 

[UPYAR] 

[UPYAR] 

[UPYAR] 

[UPYAR] 

[AR/CTS] 

[MAREC] 

[MAREC] 

[MAREC] 

[MAROON] 

[MAROON] 

(MAROON] 

[MAROON] 

[MAROON] 

[MAROON] 

[MAROON] 

[MAROON] 

[23] 

[24] 

[24] 

[24] 

[24] 

[23] 

[13] 

[ 12 ] 

[ 10 ] 

[7] 

[24] 

[15] 

[14] 

[9] 

[24] 

[ 20 ] 

[ 20 ] 
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Table 1. Sites sampled in the Yarra River basin. 


Site 

No. 

Stream Name & Locality 

Universal 
Grid Ref. 
55H-) 

EPA 

Strata* 

96 

Yarra River, Yarra Glen 

CU567304 

[20] 

97 

Yarra River, Homestead Rd (Wonga Park) 

CU488239 

[3] 

98 

Yarra River, Fitzsimons Lane 

CU35721 1 

— 

99 

Yarra River, Banksia St 

CU 305189 

[3] 

100 

Yarra River, Dights Falls 

CU237147 

[3] 

101 

Plenty River, Wittlesea 

CU342470 

[17] 

102 

Merri Creek. Merriang 

CU245500 

[17] 

103 

Morleys Creek trib.. Black Spur 1 weir 

CU787387 

[MAREC] 

104 

Morlcys Creek trib.. Black Spur 2 weir 

CU786385 

[MAREC] 

105 

Morleys Creek trib.. Black Spur 3 weir 

CU785383 

[MAREC] 

106 

Morleys Creek trib., Black Spur 4 weir 

CU785375 

[MAREC] 

107 

Ettersglen Creek, Monda 1 weir 

CU 745405 

[MAREC] 

108 

Ettersglen Creek trib., Monda 2 weir 

CU745404 

[MAREC] 

109 

Ettersglen Creek trib.. Monda 3 weir 

CU745395 

[MAREC] 

110 

Ettersglen Creek trib., Monda 4 weir 

CU745393 

[MAREC] 

111 

Ettersglen Creek trib., Ettercon 1 weir 

CU 762408 

[MAREC] 

112 

Ettersglen Creek trib., Ettercon 2 weir 

CU758404 

[MAREC] 

113 

Contentment Creek trib., Ettercon 3 weir 

CU758390 

[MAREC] 

114 

Contentment Creek trib., Ettercon 4 weir 

CU 766400 

[MAREC] 

115 

Myrtle Creek trib.. Myrtle 1 weir 

CU778401 

[MAREC] 

116 

Myrtle Creek trib., Myrtle 2 weir 

CU772392 

[MAREC] 

117 

Running Creek. Masons Falls, Kinglake N.P. 

CU445470 

— 

118 

Plenty River, Greensborough 

CU332255 

— 

119 

Jacks Creek, Toorourrong Catchment 

CU380515 

— 

120 

Jacks Creek, "The Cascades” aqueduct 

CU430540 

— 

121 

Plenty River, Toorourrong Catchment 

CU380540 

— 


^Numbers refer to strata delineated in Victoria, EPA (1982), except for AR/0 S - Upper Amstrong and 
O’Shannassy Catchments, MAREC = Maroondah experimental catchments, MAROON = Maroondah 
Catchment, UPYAR = Upper Yarra Catchment. 


some ( Vaucheria , Stigeoclonium) could only be 
referred to genera. Most of these latter collec¬ 
tions were subsequently identified to species in 
culture. Physical and chemical data were taken 
from Melbourne & Metropolitan Board of 
Works (MMBW), Rural Water Commission 
(RWC) and Environmental Protection Author¬ 
ity (EPA) reports, and from unpublished 
sources. Temperature and general habitat char¬ 
acteristics were noted for all collections, whereas 
measurements of electrical conductance and pH 
were made selectively. 

Culture conditions 

Most species were grown in modified “Pickett- 
Heaps Diatom Media (DM)” (Table 2), 
although the isolation of representatives of the 
Rhodophyta and Cyanophyta was seldom 
attempted. The temperature was generally kept 
at 15°C but ranged from 13-20°C. Cool white 
fluorescent lights gave a photon irradiance of 


50-100 |imol/m 2 /s, and the day:night cycle was 
16:8h. 

Preservation and observation 

Wet material was preserved initially in 5% com¬ 
mercial formalin. After permanent slides were 
made, a mixture of acetic acid/alcohol/glycerol 
was added so that final concentrations were 
commercial formalin 1: distilled water 10: etha¬ 
nol 8: acetic acid 1: glycerol 1. This solution 
results in minimal plasmolysis and dissociation 
of cells in most algae, and the glycerol helps to 
prevent total dehydration of the specimen. The 
30 mL screw top jars were sealed with “Nesco- 
film”. 

Chlorophyta were stained with 10% Lugol’s 
Iodine and mounted in 50% “Karo” corn syrup 
(with 0.25% phenol), or in 10% glycerol (with 
more glycerol solution added following evapora¬ 
tion) and sealed with nail polish. Rhodophyta 
and Cyanophyta were stained with 1% Aniline 
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Ca(NO 3 )->.4H 2 0 

0.70 g 

KH,P0 4 .7IL0 

0.06 g 

MgS0 4 .7H 2 0 

0.20 g 

Trace Element Mix 

5 mL 

Vitamin Mix 

1 mL 

Soil Extract 

40 mL 

“Micropore” filtered H 2 0 

1000 mL 

Variation 1 (to induce sexuality in Zygnemataceac): 


1. Omit Ca(N0 3 )v4H 2 0 and Soil Extract 

2. Add CaCl 2 0.80 g 

Variation 2 (to grow Cladophora ): 

1. Omit 1/2 of Trace Element Mix 

2. Add NaHC0 3 0.03 g 

3. Increase amount of MgS0 4 .7H 2 0 to 1.40 g 

4. Adjust pH to about 8 

Variation 3 (for species from sites with low conductivity): 
1. Dilute media by 'A-Vio 

The main nutrients were added from stock solutions, and 
with Trace Element Mix and Soil Extract were steamed for 3 
hours at 100°C. pH was adjusted to 6-7 with NaOH or HC1. 
Vitamins were added before use. 

Trace Element Mix (1000 mL): Na 7 B 4 0 7 . lOH^O 0.048 g, 
CuS0 4 .5H 2 0 0.025 g. CoC1 2 .6H,0 6.024 g, MnCL.4H^O 
0.015 g, ZnS0 4 .7H 2 0 0.029 g, (NH 4 )Mo 7 0, 4 .9H,0 0.018^g, 
FeS0 4 .7H 2 0 0.028 g, N(CH 2 COOH) 3 0.191 g, NTA 20 mL. 
Made up according to guidelines in Steam (1973: 36). 

Vitamin Mix (500 mL): Cyanocobalamin 2.5 mg, Biotin 
2.5 mg, Thiamine.HCl 500 mg. 
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blue (with 4% molar HC1), and mounted in 
“Karo” and glycerol respectively. 

A portion of most collections was air-dried 
on cellophane bags (pressed algal filaments on 
standard herbarium sheets can be difficult to 
separate from the paper fibers) and filed in 
folded paper in an index card file. All voucher 
specimens and slides are deposited in the Mel¬ 
bourne University Herbarium. The suffix p.p. 
(pro parte) is added to the herbarium number 
where more than one macroalgal taxon is part of 
the same specimen. Herbarium abbreviations 
follow Holmgren et al. (1981). 

Most plants were photographed from fresh 
field or culture material. “Nomarski” differen¬ 
tial interference contrast was found to be useful 
for improving the definition of wall and chloro- 
plast shapes. 

Analyses 

The results (see Appendix) have been analyzed 
in two fundamental ways: as a function of indi¬ 
vidual sites, and combined into “strata” for 
comparison with the EPA water quality data on 
the Yarra River (Victoria, EPA 1983). It was dif¬ 
ficult to reconcile the records of genera and 
vegetative groups with those of “real” species so, 
in most analyses, vegetative groups and genera 
were used when not all records of that group or 
genus could be identified to species level. This 
technique also allows the classification system to 
be field-based for ease of later studies. The 
TAXON package of programs (on CSIRONET) 
was used to analyze the data (Table 3). 


The NIASM program (Numerical Infor¬ 
mation Analysis, Single Multistate) was used 
successfully by Barson (1984) to analyze wetland 
data, as it is both agglomerative and polythetic. 
In this respect, it is similar to MACINF (Matrix 
Generating, Agglomerative, Clustering Infor¬ 
mation Analysis), also used for vegetation analy¬ 
sis (e.g. O’Brien 1981, Williams & Ashton 1987). 
NIASM, however, is asymmetric and does not 
use matching “zeros” to calculate dissimilarity. 
Both methods were used on the binary data 
(treating the binary data as a numeric for the 
NIASM analysis) to compare results. A two-way 
table was produced by using the distance meas¬ 
ures MSED (Standard (squared) Euclidean Dis¬ 
tance) on species and MJAC (Jaccard Coeffi¬ 
cient) on sites, both clustered with SAHN 
(Lance/Williams Sequential Agglomerative 
Hierarchical Non-overlapping Clustering). 

The results were further studied using the pro¬ 
grams GCOM (Group Comparisons), 
CRAMER (-Value), PCOA (Principal Co-Ordi¬ 
nates Analysis), and BACRIV (Back Correlation 
of Individuals on Vcctors)(Ross 1986). These 
techniques helped to identify important distin¬ 
guishing taxa and chemical or physical paramet¬ 
ers, and to clarify relationships between groups. 
The classification results were assessed visually 
using DENDRO (dendrograms) and TPLOT 
(plots). 

The EPA data were analysed with MCAN 
(Matrix using Canberra Metric) and SAHN. 
These programs used together permit manipula¬ 
tion of data of varying ranges, being sensitive to 
proportional rather than absolute differences 


No. 

Individuals 

Attributes 

Values 

Masked 1 

Analysis 

1 

sites 

species 

0/1 

_ 

MACINF 

2 

sites 

species 

0/1 

— 

MJAC/SAHN 

3 

sites 

species 

0/1 

various 2 

NIASM 

4 

sites 

species 

0-3 

physical data 3 

NIASM 

5 

strata 

species 

0-100 4 

EPA data 

NIASM 

6 

strata 

EPA data 

var. 5 

species data 

MCAN/SAHN 

7 

species 

sites 

0/1 

— 

MSED/SAHN 


1 Some attributes can be masked and therefore would not be considered in the analysis (but certain additional 
programs show how they correlate with the groupings). 

2 Culture species (i.c. identifications to species level based on characters observed in culture) of Stigeoclonium, 
Oedogonium and Spirogyra (since most populations were sterile); Vaucheria sp. (since most species became 
fertile in culture); and Schizothrix friesii (which may include a number of ecophenes). 

Include temperature maximum and minimum, urban/agricultural/forcst at site and upstream, approximate 
altitude, stream order). 

The frequency of occurrence of each species in a stratum was calculated from the prescncc/abscncc data and 
equals the number of sites present divided by the total number of sites in a stratum, times 100. 

Variable depending on the parameter measured (see Victoria, EPA 1982). 


Table 3. Programs in the TAXON package used to analyse the data. 
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between attributes (Clifford & Stephenson 
1975). Although the EPA chemical data used for 
this comparison were measured 5 years before 
the macroalgal survey took place, the EPA’s 
extensive monitoring could not be replicated 
within the constraints of this study (instan¬ 
taneous measurements at the site of collection 
have only limited value in determining the 
limits of distribution). The EPA survey used 
groupings of sites called “strata” which included 
apparently similar parts of the catchment. The 
macroalgal data were grouped into these strata 
(Table 1) and analysed concurrently with the 10 
and 90 percentiles and median values for se¬ 
lected EPA data (pH, Conductivity at 25°C, 
Hardness, Toxicity Mixture, Temperature, DO, 
Turbidity, Total Nitrogen, Total Phosphorus, 
Non-Filterable Residues and E. coli). 


DESCRIPTIONS OF TAXA 

All taxonomic ranks used (division, family, 
genus and species) are listed alphabetically 
within the next highest rank. The distribution of 
each taxon has been mapped in Figs 12-16. No 
information is given about the type elements or 
type locality of the species since no types were 
examined; these data can be gleaned from the 
protologue or other publications cited. The pre¬ 
fix MELU has been omitted from all specimens 
housed in the University of Melbourne Her¬ 
barium. 

Unless otherwise indicated, the distributional 
data for each species has been taken from the 
publications cited under the species name or 


from the general texts mentioned below. Famitf 
descriptions are given only when the famil/ 
includes more than one genus found in the Yarj# 
River basin. Illustrations of taxa are provide 
when new observations or taxonomic change* 
have been made, or when the taxa previously 
have been poorly illustrated. Illustration* 
adequate for the identification of mo$t 
freshwater algal genera can be found in Belling^ 
(1980), Bold & Wynne (1985), Bourrelly (1966. 
1968, 1985), Prescott (1954) and Smith 

(1950). . . J 

Some desmids (Desmidiaceae) and diatom* 
(Bacillariophyceae) may be filamentous of 
colonial, many disintegrating into smallef 
chains of cells when removed from their habitat- 
In most cases they occur with other filamentou* 
algae which are more firmly attached to the sub' 
strate (e.g. Cladophora and Klebsormidiiun )• 
The two most commonly found genera in th^ 
Yarra River basin were Hyalotheca (Des' 
midiaceae; e.g. specimens TJE812, TJE813> 
TJE809) and Melosira (Bacillariophyceae; e.g* 
TJE810, TJE814, TJE873, TJE934, TJE948), 
both usually in eutrophic streams. A colonial 
Cosmarium (Desmidiaceae) was found on a 
North Maroondah weir (TJE1373). Many othef 
taxa were present as single-celled or short fila¬ 
mentous epiphytes. No desmids or diatoms ar^ 
described here, but they should be included in 
any account of the microalgae of the Yarra Rivef 
basin. 

A list of Australian literature and ex-MELli 
herbarium records for all the taxa described in 
this paper has been prepared and can be 
obtained from the author. 


Key to families of macroalgae in Yarra River basin 
(based on vegetative structures) 

The family provides a convenient and generally easily recognizable taxonomic 

group for the freshwater macroalgae. The key provided here applies only to those 

genera of the family found in the Yarra River basin, and not to each family as a 

whole. The keys to genera and species arc nested within the text. 

1. Photosynthetic material not in chloroplasts; cytoplasm of even or gran¬ 
ular texture .2 

— Chloroplast(s) discrete, compartmented from rest of cytoplasm .... 4 

2. Cell L/D mostly > 3, trichomes tapering. 

.Loefgreniaceae (Cyanophyta) 

— Cell L/D < 3, trichomes not tapering throughout.3 

3. Heterocysts present or absent; trichomes either deeply constricted at 

crosswalls (Anabaena) or arranged in erect, tufty, branched aggregates 
(Scytonema) .Nostocaceae (Cyanophyta) 

— Heterocysts absent; trichomes not or little constricted at cross walls, 

arranged irregularly in prostrate mucilaginous mat. 

.Oscillatoriaceae (Cyanophyta) 
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Thallus either membranous, tubular, or colonial.5 

Plants filamentous or siphonous.7 

Thallus parenchymatous, tubular or membranous. 

.Ulvaceae (Chlorophyta) 

Thallus colonial, saccate or ribbon-like.6 


Plants brown or yellow; cells in outer layer of rubbery sac. 

.Chrysocapsaceae (Chrysophyta) 

Plants bright green; cells throughout mucilaginous colony. 

.Tetrasporaceae (Chlorophyta) 

Branched siphons.Vaucheriaceae (Chrysophyta) 

Branched or unbranched filaments (with crosswalls).8 

Cells with single stellate chloroplast; cells in irregular uniseriate row, 

with thick mucilage.Porphyridiaceae (Rhodophyta) 

Cells never with one stellate chloroplast (may have two); cells in regular, 

usually uniseriate rows, never embedded in thick mucilage.9 

Filaments unbranched; unstressed vegetative cells with walls less than 

2pm thick.10 

Filaments branched or (in Rhizoclonium) unbranched; if unbranched, all 

vegetative cells with stratified walls more than 2pm thick.13 

Ends of at least some cells encircled by scars (“rings”) from successive 
ruptures of cell wall during vegetative growth; chloroplast reticulate . 

.Oedogoniaceae (Chlorophyta) 

Cells without encircling scars; chloroplast(s) entire, variously shaped 

. 11 

Chloroplast(s) either axial, or parietal and ribbon-like; with prominent 

pyrenoids.Zygnemataceae (Chlorophyta) 

Chloroplast(s) parietal but never ribbon-like; with or without pyren- 

oid(s).12 

Chloroplasts one or many per cell, yellow-green; H-shaped wall pieces 

present (sometimes obscure); cell L/D usually >2. 

.Tribonemataceae (Chrysophyta) 

Chloroplasts one per cell, green; H-shaped wall pieces present or absent; 

cell L/D usually <2.Ulotrichaceae (Chlorophyta) 

Plants with fascicles of determinate laterals arranged around a main 


axis.14 

Plants without fascicles of determinate laterals .15 


Plants green, disintegrating readily; fascicles irregularly arranged, not in 

whorls.Chaetophoraceac (Chlorophtya) 

Plants green, red, purple or brown; not readily disintegrating; fascicles 

arranged regularly in whorls at each node of axial cells . 

.Batrachospcrmaceae (Rhodophyta) 

Plants with single pseudoparenchymatous cortical layer enclosing large 

axial cells.Compsopogonaceae (Rhodophyta) 

Plants not corticate, uniseriate throughout.16 

Cells with pit-connections; plants usually red, brown, violet or olive- 

green .Rhodochortaccae (Rhodophyta) 

Cells without pit-connections; plants green.17 

Ends of branches or filaments rounded; chloroplasts many, discoid, 

arranged in a reticulum .Cladophoraceae (Chlorophyta) 

Ends of branches acutely pointed, often extending into hairlike cells; 

chloroplasts laminate and parietal, one per cell. 

.Chaetophoraceae (Chlorophyta) 
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Chlorophyta 

Chaetophoraceae Greville 1824: xix, 321. 

Plants consisting of branched filaments; termi¬ 
nal ends generally acutely pointed, often with 
hairlike apical cells. Reproduction by zoospores 
and fusion of isogametes. 


Saline River in the United States, where the 
water was high in bicarbonates. Johansson 
(1982) found C. glomerata in water with a rela¬ 
tively high pH in Scandinavia. In contrast to 
these two records, Whitford & Schumackcr 
(1968) described C. incrassata and C. pisifortniS 
as algae of soft-water acid streams. 


Chaetophora Schrank 1783: 125. Hazen 1902: 
209. Fritsch 1935: 254. Smith 1950: 155. Bour- 
relly 1966: 276. 

Filaments forming gelatinous globose colonies; 
no abrupt change in cell diameter throughout 
plant; outer cells with a single chloroplast cover¬ 
ing entire periphery of cell; inner cells with 
band-like chloroplast. 

Chaetophora elegans (Roth) C. Agardh 1812: 42. 
Hazen 1902: 21 1, pi. 37. 

Distribution. Cosmopolitan; Yarra River basin (Fig. 
12A). 

Specimens examined. Site 117: TJE1412, TJE1429. 

Plants globose to tuberculate, gelatinous, light 
green; filaments radiating from central region; 
outer branching monopodial, often secund, with 
usually one, sometimes two, laterals from each 
node, usually erect; inner branching apparently 
dichotomous, more sparse, generally lax and 
spreading; cells throughout cylindrical to barrel¬ 
shaped, 4-30 pm long, 5-13 pm in diameter, 
L/D 0.5-6; apices of filaments acute, sometimes 
with long, hairlike cells. 

Reproduction (not seen) by biflagellate zo¬ 
ospores and akinetes; germination of zoospores 
and growth of new plants occasional within gel¬ 
atinous matrix of mature plant. 

Habitat and phenology. Plants were found on 
rocks in splash zone of weir in spring; water tem¬ 
perature was 10°C. The species was associated 
with Batrachospermum atrum in a part of the 
catchment with fairly soft water (Ca 8.0 mg/L, 
Mg 1.2 mg/L). 

Blum (1957) found Chaetophora elegans and 
C. pisiformis in the unpolluted reaches of the 


Draparnaldia Borv de St-Vincent 1808: 399. 
Hazen 1902: 217. Collins 1909: 302. Smith 
1950: 156. Forest 1956: 1. Bourrelly 1966: 279. 
Bold & Wvnne 1985: 171. 


Plants consisting of mucilaginous, usually mon- 
iliform, bright green, branched primary axes 
attached by rhizoids; cells of main axes rela¬ 
tively large, with parietal, equatorial, cylindri¬ 
cal, often fimbriate, chloroplasts; some or al 
bearing determinate or indeterminate laterals 
with parietal chloroplasts; gross morphology 
similar to Batrachospermum (Rhodophyta) hut 
plants extremely flaccid and prone to disintegra¬ 
tion after collection. 

Reproduction mainly by quadnflagellate 
zoospores, but also by akinetes, aplanospores 
and conjugation of quadriflagellate isogametes. 


Draparnaldia mutabilis (Roth) Bory de St-Vin¬ 
cent 1808: 402, pi. 35, fig. la-d. 

Draparnaldia glomerata (Vaucher) C. Agardh 
18 12: 41 . 

Draparnaldia plumosa (Vaucher) C. Agardh 
1812:42. .. . 

Draparnaldia acuta (C. Agardh) Kiitzing 
1845: 230. 

Distribution. Cosmopolitan; Yarra River basin (Fig. 
12B) 

Specimens examined. Site 19: TJEl 131; site 21: 
TJE833; site 26: TJE1024, TJE1058, TJE1280, 
TJE1351 p.p., TJE1419; site 27: TJE859, TJE1055, 
TJE1332; site 28: TJE865, TJEI349, TJEI415; site 30: 
TJE868; site 62: TJE949, TJEI 198; site 78: TJE985; 
site 79: TJEI001. 

Thallus up to 100 mm long, 450-800 pm in 
diameter at maturity. Main axis cylindrical to 
moniliform; cells 25-90 pm in length, 20-58 pm 


Key to genera of Chaetophoraceae 

1. Plants with distinct main axis of stout cells bearing whorls of determinate 

laterals . Draparnaldia 

— Plants not differentiated into main axis and determinate laterals ... 2 

2. Plants colonial, globular; filaments embedded in gelatinous matrix .. 

.. Chaetophora 

— Plants not colonial or globular; filaments forming mucilaginous tufts 

. Stigeoclonium 
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in diameter, L/D 0.8-2.0(-2.5); chloroplast par¬ 
ietal, equatorial, cylindrical and fimbriate, with 
numerous pyrenoids; fascicles bi- and tri-fur- 
cate, arising apically from some axial cells; axes 
of fascicles either prominent, almost indetermi¬ 
nate (usually in juvenile plants), or indistinct 
and clearly determinate throughout; proximal 
cells cylindrical to doliform, 10-30 pm long, 5- 
15 pm in diameter, L/D 1.0-4.0; distal cells 
obconical or truncate obconical, 10-20 pm long, 
3-5 pm maximum diameter, L/D 3.5-6.0, 
usually terminated by uni- or multi-cellular hair, 
up to 350 pm long; chloroplasts parietal, usually 
with one or two pyrenoids. 

Zoosporangia f ormed in fascicle cells; zo¬ 
ospores germinating directly into branched, 
often curved filament; cells of germling similar 
to those of mature fascicle. 

Habitat and phenology. Plants were common in 
spring and summer but rare or absent in winter; 
water temperatures were 7-19°C. D. mutabilis 
grows in the upper Yarra and Watts River basins 
where there is some opening of the canopy. It can 
occur as isolated plants, as in the Yarra River 
near Warburton, or in dense blooms, as in the 
Yarra River below the O’Shannassy River inlet. 
D. mutabilis (as D. glomerata) was found by 
Fjerdingstad (1965) to be mostly an alga of non- 
polluted areas in Scandinavia, although capable 
of growing successfully in polluted streams. Van 
Beem & Simons (1988) found D. mutabilis in 
both eutrophic, hard water, and in mesotrophic, 
soft water but growths were more extensive in 
the latter environment. 

Three of the species of Draparnaldia recorded 
from Victoria by Watts (1865), D. elongata, D. 
tenuis and D. nana , are referrable to Stigeoclo- 
nium (Islam 1963). The other two species, D. 
plumosa and D. glomerata , are here considered 
to be synonyms of D. mutabilis. Prior to 1865, D. 
mutabilis occurred as far downstream in the 
Yarra River as Heidelberg; today, its lowest 
apparent occurrence is some 80 km farther 
upstream at Warburton. This is paralleled by 
Watts’ collection at Heidelberg of the red alga 
Nothocladus nodosus Skuja, which is now also 
only known from the Upper Yarra region 
(Entwisle & Kraft 1984). 

Taxonomic remarks. Variations in fascicle 
shape with age of plant and habitat have been 
reported for several Draparnaldia species by a 
number of authors (Bory de St-Vincent 1808, 
Uspenskaja 1930, Suomalainen 1933, Forest 
1956, van Beem & Simons 1988), and only one 
discrete entity could be delimited in the Yarra 


River flora. This taxon includes plants similar to 
those described by Bory de St-Vincent (1808) as 
Draparnaldia mutabilis (non D. mutabilis 
(Roth) Cedergren 1920). The list of synonyms 
given above is taken from Forest (1956) and 
Bory de St-Vincent (1808), and is consistent 
with an examination of the relevant protolo- 
gues. 

No other alga in the Yarra River system 
besides Draparnaldia and the Batrachosperm- 
aceae has a thallus differentiated into a main 
axis and fascicles of determinate laterals. Dra¬ 
parnaldia mutabilis differs from genera in the 
Batrachospermaceae (Rhodophyta) in not hav¬ 
ing regular whorls of fascicles, and in having 
axial cells that are short and cylindrical to doli¬ 
form rather than long and cylindrical. In addi¬ 
tion, cells of D. mutabilis lack the pit connec¬ 
tions of red algae, reproduction is very different, 
and plants of Draparnaldia disintegrate more 
easily when collected. 

Stigeoclonium Kiitzing 1843; 253 (as Stygeoclon- 
ium)\ corr. 1849: 352 (nom. cons.). Smith 1950: 
153. Islam 1963: 49. Printz 1964: 126. 

Myxonema E.M. Fries 1825: 343. Hazen 
1902: 193. 

Distribution in Yarra River basin. See Fig. 12C. 

Plants bright green; axes branched, mostly uni- 
seriate (although oblique cell divisions occasion¬ 
ally create limited zones of multiseriate tissue), 
without abrupt changes in cell size; distal cells 
somewhat attenuated, sometimes bearing long, 
multicellular hair; chloroplasts in larger cells 
parietal cylindrical, sometimes fimbriate, with 
several pyrenoids; in smaller cells parietal with 
1-3 pyrenoids; erect system attached by discoid 
cell, rhizoids, or irregularly branched to pseudo- 
parenchymatous prostrate system. 

Reproduction usually by quadriflagellate 
ovoid zoospores, formed inside intercalary or 
terminal cells; sexual reproduction seldom 
reported, apparently taking place by conjugation 
of bi- or quadri-flagellate isogametes; thick 
walled cells produced under some conditions; 
zoospores germinating to form prostrate or erect 
(not seen) primary filament. 

Remarks. To identify species of Stigeoclonium it 
is necessary to examine the prostrate thallus, 
either in culture or on artificial substrata in the 
field. In their comprehensive study of species 
concepts in the genus, Cox & Bold (1966: 7) 
stated that they were “well aware that increased 
emphasis on the culture method, and on mor- 
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phological attributes which are not immediately 
visible in collected materials, will not please 
those who seek to simplify the identification of 
Stigeoclonium in the field. However, if it were 
now possible to identify species of Stigeoclo¬ 
nium easily and reliably in the field, this inves¬ 
tigation would not have been necessary”. 

More recent studies (e.g. Francke 1982; 
Francke & Simons 1984; Simons et al. 1986) 
have supported the main findings of Cox Sc Bold 
(1966), and species delineation in Stigeoclonium 
is now based on characteristics of the prostrate 
system and germination pattern, features 
usually only observable in plants grown from 
zoospores on a surface which can be examined 
microscopically (e.g. glass slides). The more 
“convenient” characters displayed by the erect 
system, used by Islam (1963) and Printz (1964), 
apparently do not reflect the full range of “nor¬ 
mal phenotypic expressions of the organism” 
(Cox Sc Bold 1966: 22). 

Simons et al. (1986) recognised three species 
of Stigeoclonium , two of which occur in the 
Yarra River catchment. Although some popu¬ 
lations from the upper parts of the catchment 
resemble the third species, 5. helveticum , in pro- 
trate thallus morphology, it was not possible to 
delimit these populations clearly from S. tenue 
on the basis of the material observed. 

Habitat and phenology. Both species were more 
common in the cooler months but grew to some 
extent throughout the year. Water temperatures 
ranged from 8-2 5°C. Stigeoclonium tenue and S. 
farctum can tolerate an extremely wide range of 
eutrophication. They occur throughout the 
basin, from the most polluted urban streams to 
mountain weirs. There is always some physical 
disturbance at the site, but the nutritional 
demands of Stigeoclonium are unknown. Plants 
can tolerate relatively high levels of many metals 
(McLean 1974) and often grow on submerged 
iron if present. It is probable that S. tenue , the 
most widespread species, will spread throughout 


the catchment as filaments are dispersed 
through human activity. Although Fjerdingstad 
(1965) characterised S. tenue as a common spe¬ 
cies tolerant of mildly polluted waters, Biggs & 
Price (1987) found Stigeoclonium more com¬ 
monly in streams with few electrolytes. McLean 
Sc Benson-Evans (1974) and Fjerdingstad (1965) 
have aptly described S. tenue as an organism 
which, although common in organically polluted 
streams, is not restricted to this environment. 

There seems to be no habitat distinction 
between 5. tenue and S. farctum , and detailed 
studies of microhabitat are needed. In some sites 
(e.g. site 13) both species were present. 


Stigeoclonium farctum Berthold 1878: 193, pi. 
15, fig. 15, pi. 16, figs 1-5. Simons et al. 1986: 
216, figs 27-36. 

Distribution. Cosmopolitan; Yarra River basin (Fig. 
12D). 

Specimens examined. Site 12: TJE925, TJE926, 
TJE1433; site 13: TJE828, TJE938; site 23: TJE843; 
site 32: TJE876; site 57: TJE932; site 59: TJE935; site 
84: TJE1013; site 86: TJE1017. 

Germination of zoospores prostrate, producing 
flat thallus, usually pinnately branched; pros¬ 
trate thallus becoming pseudoparenchymatous 
due to density of much branched filaments, at 
least in centre; intercalary cells cylindrical to 
ellipsoid, 7-23 pm long, 5-6 pm in diameter, 
L/D 1.0-5.0; peripheral cells obconical to elon¬ 
gate dome-shaped, 8-17 pm long, 3-5 pm in 
diameter, L/D 1.5-7.0; erect system often poorly 
developed, up to 10 mm long, with little differ¬ 
entiation of main axis; intercalary cells cylindri¬ 
cal, 9-35 pm long, 5-13 pm in diameter, L/D 
1.5-5.0; apical cells obconical 8-17 pm long, 3-5 
pm in diameter, L/D 2.5-6.0, or terminated by 
multicellular hair to 85 pm long. 

Stigeoclonium tenue (C. Agardh) Kutzing 1843: 
253. Simons et al. 1986: 216, figs 13-26. 


Key to species of Stigeoclonium 
(based on results of Simons et al. 1986) 

1. Germination of zoospore erect; prostrate system a single holdfast cell, 

sometimes with short rhizoids, or rarely a branched, few-celled filament 
terminated by rhizoids.5. helveticum (not found) 

— Germination of zoospore prostrate; prostrate system extensive and con¬ 
spicuous .2 

2. Prostrate system open, irregularly branched.& tenue 

Prostrate system pseudoparenchymatous, at least centrally, and almost 
pinnately branched. S. farctum 
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Distribution. Cosmopolitan; Yarra River basin (Fig. 
I2E). 

Specimens examined. Site 11: TJE1082; site 13: 
TJE1451; site 16: TJE841, TJE1121; site 21: TJE833; 
site 22: TJE1140; site 24: TJE848; site 26: TJE855; site 
29: TJE 1234; site 55: TJE928; site 56: TJE930, 
TJE1077; site 61: TJE948; site 78: TJE1029; site 80: 
TJE1236; site 83: TJE1290, TJE1341; site 87: 
TJE1019, TJE 1264; site 91: TJE 1363. 

Germination of zoospores generally prostrate, 
producing non-compact, irregularly branched 
prostrate thallus; intercalary cells cylindrical to 
doliform, 8-19 pm long, 3-8 pm in diameter, 
L ID 1-6.5; distal cells conical or elongate dome¬ 
shaped to subglobose, 5-20 pm long, 2-5 pm in 
diameter, L/D 1.5-7.0; erect system up to 20 
mm long, with little differentiation of main axis; 
intercalary cells cylindrical, 5-33 pm long, 3-8 
pm in diameter, L/D 1.5-11; apical cells conical, 
12-23 pm long, 2-3 pm in diameter, L/D 4-8, or 
terminated by multicellular hair up to 100 pm 
long. 

Stigeoclonium sp. 

Specimens examined. (Excluding any from sites where 
at least one species determination has been possible). 
Site 1: TJE820, TJE824; site 2: TJE 1084; site 3: 
TJE 1086; site 25: TJE850, TJE851; site 45: TJE 1369; 
site 58: TJE1073; site 100: TJE1274; site 104: 
TJE1397; site 107: TJE1374. TJE1375; site 108: 
TJE1377; site 109: TJE1378; site 111: TJE1383; site 
112: TJE1381; site 114: TJE1385. 

Remarks. These collections include only those 
where no prostrate system was available for 
examination. 

C'ladophoraceae Wille 1884: 30. Womersley 
1984: 166. 

Plants of branched or unbranched uniseriate 
filaments with parietal reticulum of numerous 
discoid chloroplasts; some chloroplasts with 
pyrenoids. Asexual reproduction by bi- and 
quadri-flagellate zoospores; sexual reproduction 
(where present) by fusion of biflagellate 
gametes. 

Cladophora Kiitzing 1843: 262 (nom. cons.). 
Smith 1950: 213. van den Hoek 1963: 5; 1982: 
30. Womersley 1984: 185. 


Plants consisting of branched erect filaments 
attached by single holdfast cell or by rhizoids; 
cells with numerous angular to discoid chloro¬ 
plasts forming reticulum or continuous parietal 
layer, pyrenoids present in most chloroplasts. 
Reproduction by bi- or quadri-flagellate zo¬ 
ospores and, in some species, conjugation of 
biflagellate isogametes. 

Taxonomic remarks. Although Cladophora has 
been called one of the largest genera of algae 
(Smith 1950: 215), recent taxonomic studies by 
van den Hoek (1963, 1982) have greatly reduced 
the number of accepted species in both marine 
and freshwater habitats. Van den Hoek (1963) 
recognised nine species and four varieties of 
Cladophora from fresh waters in Europe and 
considered most of them to be cosmopolitan. 

The key taxonomic characters for species 
determinations can usually be observed in field 
material but culturing can help to clarify aspects 
of holdfast shape and reproductive morphology. 
Culture studies were used here to confirm the 
species identification but should not be neces¬ 
sary for subsequent collections from the Yarra 
River catchment. 

Cladophora glomerata (Linnaeus) Kiitzing 1843: 
266. Fritsch 1935: figs 68A, C, 69C, F. van den 
Hoek 1963: 162, figs 515-519, 522-575. Bour- 
relly 1966: pi. 75, fig. 7, pi. 76, figs 1-3. 

Distribution. Cosmopolitan; Yarra River catchment 
(Fig. 12F). 

Specimens examined. Site 1: TJE801, TJE802, 
TJE820, TJE1012; site 2: TJE1083; site 11: TJE1081; 
site 12: TJE827, TJE924; site 13: TJE939; site 17: 
TJE 1372; site 23: TJE838, TJE 1096, TJE 1192; site 55: 
TJE927, TJE960, TJE 1435; site 56: TJE929; site 57: 
TJE93 L TJE 1080; site 58: TJE 1072; site 59: TJE 1079; 
site 84: TJE995.TJE1258; site 85: TJE 1014, TJE 1259; 
site 86: TJE1016, TJE 1260, TJE1261; site 87: 
TJE1020, TJE1263; site 89: TJE 1038, TJE 1039, 
TJE 1173; site 90: TJE 1041, TJE 1069; site 91: 
TJE1075; site 98: TJE1273; site 100: TJE1274; site 
118: TJE1414. 

Plants to 1 m long, growth apical and intercal¬ 
ary; branches inserted laterally, obliquely or 
horizontally, but always from apical portion of 
cell; pseudodichotomous, alternate, or secund; 
profuse or sparse; intercalary cells cylindrical to 


Key to genera of Cladophoraceae 

1. Filaments branched . Cladophora 

— Filaments unbranched except for occasional rhizoids .. Rhizoclonium 
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somewhat swollen at ends (particularly in cul¬ 
ture), 84-480(-850) pm long, 24-80 pm in dia¬ 
meter, L/D 2.5— 12.5(—40), with walls usually 
2-5 pm thick but up to 20 pm thick in old cells; 
in older plants, proximal cells of axis elongate 
substantially; apical cells dome-shaped, some¬ 
times slightly constricted in middle or at apical 
end, 84-360(-560) pm long, 16-48(-68) pm in 
diameter, L/D 3-7.5; basal system of short 
rhizoids, some terminated by digitate holdfast. 

Reproduction by biflagellate zoospores from 
clavate to hemispherical zoosporangia, 76-144 
pm long, 36-88 pm in diameter, L/D 0.7-3; 
zoosporangia dehiscing through lateral pore 
near one end of cell. 

Habitat and phenology*. Plants were common in 
summer but may persist in slow-flowing water 
through winter; water temperatures were 8- 
25°C. Cladophora glomerata was common in 
urban creeks where conductivity (140-2550 
pmS/cm), hardness (30-540 mg/L) and pH 
(usually 6.0-7.8) were always high. Nitrogen and 
phosphorus were also high but variable in con¬ 
centration. There does not seem to be any chem¬ 
ical barrier to the growth of this species in many 
non-urban but eutrophic alkaline creeks, such as 
Olinda Creek (site 17) where it was present in 
small amounts. Fjerdingstad (1965) character¬ 
ised Cladophora species as being capable of 
thriving in both polluted and unpolluted paters. 
C. glomerata seems to be limited to ‘‘hard’ 
water, however, and would not grow naturally in 
the acidic creeks of the upper Yarra catchment. 
Marker Sc Close (1982) found Cladophora 
growing in an alkaline but nutrient poor stream. 
Johansson (1982) listed C. glomerata as an indi¬ 
cator species of low altitude streams (less than 
400 m above sea level) in Sweden, where most 
streams are “hard”. It also occurs worldwide as a 
littoral species in lakes and reservoirs. 

Cladophora glomerata seems to have pros¬ 
pered in the polluted creeks of Melbourne since 
European settlement. Ferdinand Mueller, for 
example, collected C. glomerata (as C. callicoma 
and C. crispala) from Darebin Creek in 1853. 
Since Darebin Creek mostly flows through bas¬ 
alt, the water would always have been “harder” 
than the bulk of the Yarra River catchment, and 
Cladophora may have been a natural popu¬ 
lation. In the 1850s, however, agricultural and 
urban development had already severely 
degraded water quality (Barrett 1971), and the 
akinetes or filaments (kept moist) of C. glomer¬ 
ata could have been brought from Europe. It is 
curious, though, that Hardy (letter to Prof. 


Ewart, 1907) stated that C. crispata was not 
known from the Darebin Creek at that time, but 
it was to be found in the “backwaters” of the 
Yarra River (Hardy 1906: 35 recorded C. glom¬ 
erata and C fracta from the backwaters of the 
Yarra River). The absence of the species in Dar¬ 
ebin Creek may have been due to the seasonality 
of Cladophora or to a degradation or improve¬ 
ment of water quality at the time. 

Filaments of C. glomerata in CM media can 
remain viable for over 6 months in total dark¬ 
ness at 16°C (Entwisle, 1989a). This capacity to 
withstand long periods without photosynthesis 
would be important for overwintering and dis¬ 
tribution of plants. 

Taxonomic remarks. In one collection 
(TJE1016) the apical cells are particularly long 
(up to 560 pm) but no populations are morpho¬ 
logically distinct enough to be considered as 
separate species. A number of distinct genotypes 
may exist but these cannot be distinguished as 
taxa in any practical sense. For this reason, C. 
fracta and the varieties of C. glomerata de¬ 
scribed by van den Hoek (1963) are not con¬ 
sidered to be useful subdivisions in the Yarra 
River catchment flora. 

Rhizoclonium Kiitzing 1843: 261. Fritsch 1935: 
231. Womersley 1984: 167. Bold & Wynne 
1985: 205. 

Plants consisting of unbranched filaments, in 
entangled masses, or attached by short lateral 
rhizoids (not seen). Asexual reproduction by 
biflagellate zoospores is uncommon and has not 
been seen in this study. 

Rhizoclonium hieroglyphicum (C. Agardh) 
Kiitzing 1845: 206. Collins 1909: 329, pi. 12, fig. 
119. Fritsch 1935: figs 69B, G, H, J. Smith 1950: 
fig. 133. Bourrelly 1966: pi. 73, figs 6, 7. 

Distribution. Cosmopolitan; Yarra River basin (Fig. 
12G). 

Specimens examined. Site 2: TJE1083; site 16: 
TJE1092. 

Cells cylindrical, 27-33 pm in diameter, 35-85 
pm long, L/D 1.5-3.0; cell wall stratified, 5-8 
pm thick; no rhizoidal or unicellular prolifer¬ 
ations seen. 

Habitat and phenology. Plants were found in 
early autumn; water temperature was 12-17°C. 
Both sites are in the outer suburbs of Melbourne, 
in or near the Yarra River. 
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Taxonomic remarks. West (1927) gave a cell 
diameter range of 10-37 p and cell L/D of 2-5 
for R. hieroglyphicum, and these ranges encom¬ 
pass most of the Yarra River basin material. 
Koster (1955) reported that probable type 
material of R. hieroglyphicum has filaments 18— 
30 pm in diameter and cell L/D of 1.5-4. Collins 
(1909), however, reported cell diameters of 10- 
25 pm in what is purportedly the type variety, 
and recognised two varieties with broader fila¬ 
ments and, in one case, thicker walls. The recog¬ 
nition of these varieties does not seem 
warranted on the basis of available evidence. 

Koster (1955) suggested that R. hieroglyphi¬ 
cum may be synonymous with R. riparium 
(Roth) Harvey but stressed that experimental 
studies are needed to confirm this. R. riparium 
has filaments 18-48 pm broad and cell L/D of 
1-8.5, and thus includes the size range found in 
Australian plants. Koster (1955) recognised two 
varieties of R. riparium , var. valdium Foslie with 
cells 30-48 pm broad, and the type variety with 
cells 18-33 pm broad. 

The plants from the Yarra River basin are also 
similar to dadophora rivularis (Linnaeus) van 
den Hoek (1963), which may be unbranched. In 
C. rivularis , however, the L/D of vegetative cells 
tends to be larger (3-10), and multicellular 
rhizoids and occasional, terminally-inserted 
branches are commonly present. 

The distinction between Chaetomorpha and 
Rhizoclonium is problematical. In most cases, 
unbranched filaments of a coarse texture and 
over 100 pm broad are referred to Chaetomor¬ 
pha. Such plants (TJE1507) form large, tangled, 
open mats in Korkuperrimul Creek at Bacchus 
Marsh, in the Werribee River basin. 


Oedogoniaceae Hirn 1900: 71. 

Oedogonium Hirn 1900: 72. Tiffany 1930: 53. 
Smith 1950: 207. Bourrelly 1966: 342. Bold & 
Wynne 1985: 183. 

Plants consisting of unbranched, uniseriate fila¬ 
ments; cells cylindrical to capitellate (i.e. 
broader at one end), most with distinctive cell 
division scars (“rings”) at one end; chloroplasts 
reticulate, parietal (but sometimes obscured by 
discoid starch deposits), with one to many pyre- 
noids; nucleus usually prominent; filaments 
attached by a single-celled holdfast. 

Sexual reproduction oogamous, with intercal¬ 
ary oogonia and various arrangements of male 
gametangia; asexual reproduction by zoospores 
and fragmentation; germlings from zoospores 
first produce holdfasts, then an erect filament, 
often with a conical apical cap. 

Taxonomic remarks. Valid publication of names 
in the Oedogoniaceae begins in 1900 with Hirn’s 
monograph (see Greuter et al. 1988). As a result, 
many nineteenth century records of Oedogon¬ 
ium are irreconcilable with current species con¬ 
cepts. 

Few nanandrous species (i.e. plants with a 
separate sperm-producing life-phase) are found 
in rivers, probably due to the disadvantages of 
alternate generations in a unilaterally flowing 
system such as a river (cf. Rhodophyta; Sheath 
1984). In fact, few male gametangia of any type 
were found during this study. Since all field 
collections were sterile, this may be due to the 
culture conditions used. 

As with the family Zygnemataceae, sterile 
populations falling into several size groupings 


Key to species and vegetative groups of Oedogonium 

1. Plants with oogonia .2 

— Plants without oogonia (vegetative only).5 

2. Oogonia usually twice or more diameter of vegetative filament; filament 

diameter < 20 pm .. 3 

— Oogonia only little inflated beyond vegetative filament; filament diam¬ 
eter > 20 pm .*.4 

3. Vegetative cell L/D < 2; oogonia > 35 pm in diameter - O. sp. A 

— Vegetative cell L/D > 2; oogonia < 35 pm in diameter . 

.... O. intermedium 

4. Oospores filling oogonia; oogonia < 60 pm in diameter .... O. sp. B 

— Oospores leaving at least ends of oogonia empty; oogonia > 60 pm in 

diameter... O. c.rassum 

5. Vegetative filaments < 15 pm in diameter .. Slender-Filament Group 

— Vegetative filaments > 15 pm in diameter.6 

6. Vegetative filaments < 25 pm in diameter . Medium-Filament Group 

— Vegetative filaments > 25 pm in diameter ... Broad-Filament Group 
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have been delineated to facilitate ecological stu¬ 
dies. These groupings have no formal taxonomic 
status and almost certainly include more than 
one “species”. Some may even include filaments 
of species whose alternate phase or male/female 
counterpart has been referred to a different vege¬ 
tative group. Although Whitton et al. (1979) 
suggested using a doubling geometric series 
(2,4,8,...) for vegetative diameter categories, 
the divisions used here are based on size disjunc¬ 
tions actually encountered in the populations 
examined. 


Oedogonium crassum Hirn 1900: 139, pi. 18, 
figs 99-100, pi. 19, figs 100-101. Tiffany 1930: 
88, pi. 23, figs 202-207. Gonzalves 1981: 263, 
fig. 9.142A-C. Mroziriska 1985: 128, figs 147— 
151. 

Distribution. Europe, North and South America, 
South Africa; Australia; Yarra River basin (Fig. 
12H). 

Specimens examined. Site 4: TJE1193; site 17: 
TJE1022, TJE1049, TJE1448, TJE1449; site 48: 
TJE907; site 89: TJE1051; site 96: TJE1315 p.p. 

Plants dioecious; female filaments 48-72 pm in 
diameter, cells cylindrical, with many pyrenoids 
in mature cells, 30-68 pm long, L/D 1-2.5; puta¬ 
tively male filaments rarely seen, (18-)28-40 
pm in diameter, cells (10-)24-28 pm long, L/D 
0.5-1.2, with l(-2) pyrcnoid(s) per cell; male 
gametangia not differentiated. 

Oogonia single, ovoid, ellipsoid or barrel¬ 
shaped, 64-84 pm in diameter, 55-100 pm long, 
pore superior, circular to mouth- shaped (corisi- 
form); oospores globose, rarely ellipsoid, leaving 
oogonial cavities at ends of oogonium (usually 
also peripherally), rusty orange-brown, 52-76 
pm in diameter, oospore wall smooth. Zo¬ 
ospores produced in culture. 

Habitat and phenology. Plants were found 
throughout the year; water temperature was 10- 
15°C. All habitats were in streams subject to agri¬ 
cultural runoff. 

Taxonomic remarks. The female filaments in 
the Yarra River basin are broader than those 
usually recorded for this species (including var¬ 
ieties) but the globose oospores, superior pore 
and slightly inflated oogonia are distinctive of O. 
crassum (Hirn 1900, Tiffany 1930). No defini¬ 
tive male gametangia were seen but some 
smaller, possibly male filaments were numerous 
in the same collection. The plants are therefore 
presumed to be dioecious. Hirn (1900) estab¬ 


lished this species from a collection also lacking 
male filaments. 

Oedogonium intermedium Hirn 1900: 94, pi. 5, 
figs 31, 32. Tiffany 1930: 72, pi. 14, figs 134, 
135. Gonzalves 1981: 168, fig. 9.31A-R 
Mrozinska 1985: 80, figs 63-67. 

Distribution. Cosmopolitan; Yarra River basin (Fie 

121 ). 

Specimens examined. Site 46: TJE1052 p.p.; site 82- 
TJE1124. 

Plants apparently monoecious; female filaments 
15-18 pm in diameter, 7-32 pm long, L/D 0.5- 
2 . 

Oogonia single, separated by one vegetative 
cell or rarely in contiguous pairs, ovoid to pyri¬ 
form, 25-35 pm in diameter, (20-)27-42 pm 
long, pore superior; oospore ovoid, c. 27 pm in 
diameter, c. 27 pm long, filling oogonium. Prob¬ 
able immature male gametangia 5 pm long. 

Habitat and phenology. Plants were found in late 
spring and summer; water temperature was 10- 
12°C. Habitats were relatively pristine, with lit¬ 
tle eutrophication. 

Taxonomic remarks. The Yarra River basin 
plants are similar to O. intermedium except 
that the oogonia may be smaller (to 25 pm in 
diameter rather than the 31-37 pm usually 
reported). No mature male gametangia were 
seen. 

Oedogonium sp. A 

Distribution in Yarra River basin. Fig. 12J. 

Specimen examined. Site 96: TJE1315 p.p. 

Plants apparently dioecious; female filaments 
12-16 pm in diameter; cells 32-53 pm long, L/D 
2-4, usually with one pyrenoid. Oogonia ovoid 
to pyriform, 1-2 together, 35-42 pm in diam¬ 
eter, 45-55 pm long, pore superior; mature oos¬ 
pores not seen. No male gametangia seen. 

Habitat and phenology. Plants were collected in 
winter; water temperature was 12°C. 

Taxonomic remarks. This population is similar 
in some respects to O. intermedium as described 
above but has smaller oogonia and longer veg¬ 
etative cells. The differences are not substantial 
and when more material of TJE1315 p.p. is 
found the two may be best included in the one 
taxon. The field material was intermediate 
between the Slender-Filament and Medium- 
Filament vegetative groups described below. 
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Oedogonium sp. B 

Distribution in Yarra River basin. Fig. 12J. 

Specimen examined. Site 46: TJE1052 p.p. 

Plants apparently dioecious; female filaments 
28-40 pm in diameter; cells 20-52 pm long, L/D 
0.7-2. Oogonia globose to compressed globose, 
43-50 pm in diameter, 32-45 pm long, pore 
superior; oospores filling oogonium. Male gam- 
etangia not seen. Zoospores formed in normal 
vegetative cells in culture. 

Habitat and phenology. Plants were found in 
summer; water temperature was 20°C. 

Taxonomic remarks. This population is similar 
toO. capilliforme Him (1900: 107, pi. 8, figs 49- 
54) in cell and oogonium dimensions, and in 
having smooth-walled oospores and barely 
tumid oogonia. It differs, however, in having 
oospores which are globose rather than ellipsoid, 
and which completely fill the oogonium. O. 
oryzae Him (1900: 294, pi. 22, figs 113-114) has 
similar oospore dimensions as well as oospores 
which fill the oogonium, but the oogonia and 
oospores are obovoid to subcylindrical. The tax¬ 
onomic position of the present population may 
be clarified when male material is found. 

Oedogonium (Slender-Filament Group) 

Distribution in Yarra River basin. Fig. 13A. 

Specimens examined. Site 26: TJE1298, TJE1442 p.p.; 
site 78: TJE1107. 

Cells 11-14 pm in diameter, 22-33 pm long, 
L/D 2-3. 

Habitat and phenology. Plants were found in 
autumn, winter and spring; water temperature 
was 10-16°C. All habitats are near Warburton. 

Taxonomic remarks. This group is similar to 
that referred to by Johansson (1982: 19) as Oedo¬ 
gonium sp. 1. 

Oedogonium (Medium-Filament Group) 

Distribution in Yarra River basin. Fig. 13B. 

Specimens examined. Site 26: TJE1214, TJE1217, 
TJE 1441; site 28: TJE1323; site 30: TJE1233; site 46: 
TJE904; site 52: TJE1164; site 61: TJE948; site 67: 
TJE1180; site 75: TJE977; site 79: TJE1218; site 81: 
TJE1007, TJE1238; site 82: TJE1010; site 106: 
TJE1403; site 113: TJE1379; site 116: TJE1393. 

Cells 15-25 pm in diameter, (7-)20-35(-90) pm 
long, L/D (0.5-)1.3-2.3(-5); pyrenoid usually 
one per cell; filament usually not linear, the cells 


being slightly disjointed. Zoospores formed in 
normal vegetative cells and germinating freely in 
culture. 

Habitat and phenology. Plants were found in 
autumn, winter and spring; water temperature 
was 7-14°C. This group usually grows with 
Batrachospermaceac in the upper parts of the 
catchment, at sites where there has commonly 
been some disturbance. It was not found in sum¬ 
mer, possibly being restricted by temperature. 

Taxonomic remarks. TJE948 includes filaments 
with longer cells (to 90 pm long, L/D to 5) than in 
other specimens. This group is similar to that 
referred to by Johansson (1982: 19) as Oedogon¬ 
ium sp. 2. 

Oedogonium (Broad-Filament Group) 

Distribution in Yarra River basin. Fig. 13C. 

Specimens examined. Site 2: TJE1083; site 4: 
TJE1087; site 16: TJE840; site 17: TJE835, TJE836, 
TJE846; site 25: TJE1152; site 26: TJE1299, TJE1442 
p.p.; site 27: TJE860, TJE861; site 28: TJE1416; site 
32: TJE874; site 46: TJE904, TJE1247; site 48: 
TJE907; site 56: TJE1076; site 78: TJE1221, TJE1337; 
site 83: TJE 1309; site 89: TJE 1038, TJE 1040; site 96: 
TJE1267, TJE1268; site 100: TJE1275; site 106: 
TJE 1402. 

Cells 25-65 pm in diameter, (20—)25— 135 pm 
long, L/D (0.5-)0.9-4.5. Zoospores produced in 
culture. 

Habitat and phenology. Plants were found 
throughout the year; water temperature was 7- 
20°C. Most habitats are in the upper Yarra River 
or the middle Yarra region including Olinda and 
Brushy Creeks. 

Taxonomic remarks. There is a continuous and 
overlapping range of size classes within this 
group and no further subdivision was possible. 
The group includes plants referable to the size 
groupings labelled Oedogonium sp. 3 and Oedo¬ 
gonium sp. 4 by Johansson (1982: 19). Some 
collections (e.g. TJE 1337) included isolated fila¬ 
ments thinner than those of the main Oedogon¬ 
ium present, possibly male plants or another 
species, but these were not recorded as separate 
taxa unless large quantities were found. 

Tctrasporaceae (Nageli) Wittrock 1872: 28 
(nom. cons., see Silva 1980: 40, 101). 

Coccoid cells arranged in mucilage, not con¬ 
fluent. Reproduction by zoospores or fusion of 
isogametes. 
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Key to genera of Tetrasporaceae 

1. Cells irregularly arranged in cumulous colony . Palmellopsis 

— Cells in parallel rows in ribbon-like sheets . Parallela 


Palmellopsis Korshikov 1953: 75. Bourrelly 
1966: 100. Bold & Wynne 1985: 120. 

A monotypic genus with irregularly arranged, 
apparently unwalled cells in homogeneous, 
cumulous mucilage; cells with cup-shaped chlor- 
oplast, one large pyrenoid and two contractile 
vacuoles; cells without flagella or flagella-like 
appendages. 

Palmellopsis gelatinosa Korshikov 1953: 75, fig. 
18. Bourrelly 1966: pi. 16, fig. 7. 

Distribution. Ukraine (Korshikov 1953), USA (Bold & 
Wynne 1985); Yarra River catchment (Fig. 13D). 

Specimens examined. Site 21: TJE1142; site 26: 
TJE854, TJE1421 ; site 29: TJE1152; site 33: TJE1248; 
site 49: TJE910; site 83: TJE1035, TJE1068, TJE1425, 
TJE1447; site 106: TJE 1400. 

Plants forming irregular clumps to about 100 
mm in diameter on rocks; cells subglobose to 
ellipsoid, 6-11 pm long, 5-10 pm in diameter, 
L/D 1-1.5, usually arranged irregularly but in 
pairs or tetrahedrons when dividing; in culture, 
mucilaginous “halos” clearly distinguishable. 
Reproduction by flagellate spores not seen. 

Habitat and phenology. Plants were found in spr¬ 
ing, summer and autumn; water temperature 
was 9-15°C. P. gelatinosa occurs sparsely 
throughout the upper part of the catchment but 
in large quantities in Coranderrk Creek, Heales- 
ville, and in the Yarra River at Millgrove. The 
isolated plants found at other sites presumably 
are capable of dominating a habitat under suit¬ 
able conditions. The species seems to favour 
high light levels but cool temperatures, as does 
the closely related Tetraspora in the northern 
hemisphere. Tetraspora is believed, however, to 
be incapable of thriving in polluted waters 
(Fjerdingstad 1965), whereas P. gelatinosa was 
originally described from a “puddle with pol¬ 
luted water” (Korshikov 1953; translated 1987: 
66 ). 

Taxonomic remarks. There are a number of gen¬ 
era similar to the commonly reported stream 
alga Tetraspora except that they have no pseu¬ 
doflagella. The plants studied here have cells 
with no appendages, both in field material and 
in that grown in culture (DM and 0.1 DM 
media). All previous collections o f‘“Tetraspora- 
like” algae from Victoria have also shown no 


inclination to form flagella-like appendages 
(G.T. Kraft. S.C. Ducker, pers. comms). On this 
basis, the plants are not referred to Tetraspora as 
that genus is currently conceived (e.g. Bold & 
Wynne 1985). 

Palmella Lyngbye differs from the plants de¬ 
scribed here in not having contractile vacuoles 
(Bourrelly 1966). Tetrasporidium Mobius does 
have contractile vacuoles but in gross morph¬ 
ology it has two layers of cells with numerous 
perforations (i.e. a relatively distinct shape; see 
Iyengar 1932). The marine genus Pseudotetra - 
spora Wille, 1906 also has no contractile 
vacuoles and the chloroplasts may be stellate. 

Placing Palmellopsis in the Tetrasporaceae 
(see Silva 1979) of the Tetrasporales emphasises 
its ecological and phenetic similarity to Tetra¬ 
spora. 

Parallela Flint 1974: 358. 

A monotypic genus with thallus much-divided, 
ribbon-like, mucilaginous, composed of almost 
parallel rows of commonly paired cells; contrac¬ 
tile vacuoles, flagella and pyrenoids absent. 
Reproduction by zoospores. 

Parallela novae-zelandiae Flint 1974: 359. 
Sarma & Chapman 1975: 298. Taylor 1975: 323. 
Sant’Anna et al. 1979: 101, figs 1-11. Reinke 
1983: 22-23, fig. 1. 

Fig. 2 

Distribution. New Zealand, Brazil, USA; Yarra River 
catchment (Fig. 13E). 

Specimens examined. Site 18: TJE 1128; site 21: 
TJE832; site 26: TJE852, TJE1422; site 42: TJE1358: 
site 50: TJE912, TJE914, TJE1158, TJE1160, 
TJE 1161, TJE 1407; site 52: TJE919; site 60: TJE941, 
TJE1199; site 74: TJE1187; site 78: TJE1028; site 81: 
TJE1008; site 88: TJE1037. 

Plants up to 100 mm long, attached to rocks or 
free-floating; thallus anastomose, with cells 
arranged loosely in mucilage, usually in pairs 
and rows (Fig. 2B, C), often dividing longitudi¬ 
nally or laterally; cells ellipsoid (sometimes flat¬ 
tened on one side following mitotic division) to 
cubical (Fig. 2B), 5-10 pm long, 2-6 pm in 
diameter, L/D 1-3.5, having a single parietal, 
cup-shaped chloroplast with no pyrenoid, nume¬ 
rous oscillating granules in cytoplasm. 
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F/#. 2 Parallela novae-zelandiae Flint. A, Anastomosing of biscriatc ribbon growth form (TJE1407, scale 20 pm). 
B, Vegetative plants showing arrangement of paired cells in rows (TJE1358, scale 10 pm). C, Regular 
anastomosing (arrow) of shcct-likc thallus (TJE1128, scale 20 pm). D, Irregular arrangement of cells in aerated 
culture (TJE1128, scale 20 pm). 


Zoospores obovoid, formed in culture from 
entire vegetative cell after 24 hours continuous 
darkness. 

Habitat and phenology. Parallela novae-zelan¬ 
diae occurs in the acidic and soft streams of the 
upper Yarra and Watts River basins in spring, 
summer and autumn, at water temperatures of 
9-16°C. Habitats generally coincide with some 
opening of the canopy but not with any substan¬ 
tial eutrophication. Flint (1974) reported that all 
known habitats in the North Island of New Zea¬ 
land “appear to be relatively rich in nutrients”. 


whereas Taylor (1975) stated that all South 
Island sites are “probably much poorer in 
nutrients”. 

Taxonomic remarks . In static liquid culture 
media (0.1 DM), the thallus disintegrated and 
formed zoospores. These zoospores developed 
into small, irregularly-shaped masses as 
recorded by Flint (1974) and Sant’Anna et al. 
(1979). In aerated media (0.1 DM), the normal 
ribbon-like thallus was maintained but the pro¬ 
duction of autospores was apparently inhibited. 
The resulting thallus sometimes appeared more 




22 


TIMOTHY JOHN ENTWISLE 


disorganised than in field material (i.e. lacking 
the regular pattern of paired cells; Fig. 2D). 
Vegetative cells were mostly 5-8 pm long but in 
some populations (TJE912, TJE914, TJE1158, 
TJE1160, TJE116I, TJE1187, TJE1199, 

TJE1407) larger cells, usually 8-12 pm long, 
were arranged in pairs of uniseriate or biseriate 
filaments which joined together regularly rather 
than in a sheet (Fig. 2A). This morphology is 
similar to that of the cyanophyte Heterohormo- 
gonium schizodichotomum J.J. Copeland. The 
difference in habit amongst populations of P. 
novae-zelandiae may be due to physical factors 
such as water velocity which may cause splitting 
of the sheet into narrow units. Reinke (1983) 
found P. novae-zelandiae with cells 8.5-14.0 pm 
long but with a sheet-like structure similar to 
that reported in the protologue. Consequently, 
the two growth forms encountered in the present 
study are not considered worthy of taxonomic 
distinction. 

Ulotrichaceae Kiitzing 1843: 179, 251. Womers- 
ley 1984: 128. 

Plants of unbranched, uniseriate filaments with 
a single parietal, band-shaped chloroplast. 
Reproduction by bi- or quadri- flagellate zo¬ 
ospores, fusion of biflagellate gametes, aplano- 
spores or akinetes. 

Remarks. Where possible, plants have been 
referred to three genera, Klebsormidium, Micro- 
spora and Ulothrix. These are distinguished 
mainly on the basis of chloroplast shape, the pre¬ 
sence or absence of pyrenoids, and zoospore 
morphology. Lokhorst & Vroman (1972: 465) 
warned that “when only a few filaments [of Ulo¬ 
thrix] have been isolated, no conclusions can be 
drawn regarding the identity of the taxon and 
certainty may only be obtained by culturing”. 
Since it was not feasible to isolate all ulotrichal- 
ean plants in culture, poorly represented taxa are 
either omitted or included in Ulotrichaceae 
indet. 


A fourth genus, Cylindrocapsa Reinsch, has 
been found in a pool below the Maroondah Dam 
(TJE 168) but as it was not growing in flowing 
water it is not described here. 


Ulotrichaceae indet. 

Distribution in Yarra River basin. Fig. 13F. 

Specimens examined. Site 9: TJE807; site 27: TJE862 
p.p.; site 28: TJ E1348, TJE1418; site 34: TJE1409; site 
35: TJE882, TJE 1250, TJE1251; site 36: TJE885 
TJE 1253 p.p.; site 45: TJE901, TJE1367; site 47- 
TJE905; site 59: TJE933; site 69: TJE962; site 70- 
TJE967; site 108: TJE1376. 

Taxonomic remarks. These collections include 
filaments with a Klebsormidium/Stichococcus 
type chloroplast (unlobed, plate-like, and cover¬ 
ing less than half the cell circumference) and no 
visible pyrenoid. Most of them were not isolated 
in culture but, of those which were, some disso¬ 
ciated fully and may be referable to Stichococ - 
cus , possibly to 5. scopulinus Hazen. The cells 
arc generally less than 8 pm in diameter and 
have no obvious pyrenoid. A few (e.g. TJE967, 
TJE905) had a typical Klebsormidium habit in 
the field. 


Klebsormidium Silva, Mattox & Blackwell 1972: 
643. Bold & Wynne 1985: 159. 

Hormidium Kiitzing 1843: 244. Smith 1950- 
146. 

Stichococcus auct. non Nageli. Hazen 1902: 
158, pro parte. 

Chlorhormidium Fott 1960: 149. Bourrelly 
1966: 244. 

Plants consisting of unbranched, uniseriate fila¬ 
ments with parietal, entire, usually elongate 
elliptical chloroplast, with one pyrenoid, and 
usually encircling less than half cell perimeter. 
Asexual reproduction by biflagellate, astigmatic 
zoospores, not producing a holdfast when germi¬ 
nating. 


Key to genera of Ulotrichaceae 

1. Chloroplast granular, sometimes perforate, without pyrenoid; H-shaped 

wall structure visible in at least some cells. Microspora 

— Chloroplast a continuous sheet, with one or more pyrenoids usually visi¬ 
ble; no H-shaped wall structure .2 

2. Chloroplast entire, encircling about half cell perimeter or less, usually 

with one large pyrenoid visible; zoospores astigmatic; filaments > 7 pm 
in diameter (in Yarra River basin). Klebsormidium 

— Chloroplast lobed longitudinally, encircling more than half cell peri¬ 

meter, with one or more pyrenoids; zoospores stigmatic; filaments 
usually < 7 pm in diameter (in Yarra River basin) . Ulothrix 
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Remarks. Silva et al. (1972) discussed the no¬ 
menclature of this genus and their reasons for 
proposing the name Klebsormidium to replace 
Hormidium. Species referable to this genus were 
included in Stichococcus sensu iato by Hazen 
(1902). 

Klebsormidium rivulare (Kutzing) Morison & 
Sheath 1985: 130, figs 4-9, 12-15, 19-22. 

Hormidium rivulare Kutzing 1845: 192. 
Ramanathan 1964: 84, pi. 3, fig. D, pi. 22, figs 
O-R. 

Stichococcus rivulare (Kutzing) Hazen 1902: 
167, pi. 22, figs 10-13. 

Distribution. Cosmopolitan; Yarra River basin (Fig. 
13G). 

Specimens examined. Site 8: TJE806; site 26: 
TJE1298, TJE1325, TJE1326, TJE1335 p.p., 

TJE1350; site 27: TJE862 p.p.; site 28: TJE1323, 
TJE1348 p.p.; site 32: TJE875; site 36: TJE1253 p.p., 
TJE1408; site 38: TJE887; site 51: TJE917; site 55: 
TJE1327; site 78: TJE1306, TJE1352, TJE1424; site 
83: TJE1322, TJE1354. 

Filaments with geniculations (“elbows”) and 
mucilaginous holdfast pads; cells 7-15 pm in 
diameter, 4-14 pm long, L/D 0.5-2; cell wall 
0.5-4 pm thick; cells may contain lipid globules 
and chloroplast shape may be distorted fol¬ 
lowing stress; chloroplast parietal, plate-like, 
oval to squarish, usually extending through 
entire cell longitudinally. 

Zoospores astigmatic, rounding up into 
spheres 4-5 pm in diameter, released from a 
lateral opening in zoosporangia. Akinete-like 
cells may be formed by thickening of walls in all 
vegetative cells. 

Habitat and phenology. Plants were found in 
autumn, winter and spring, at or above water 
level in rivers; water temperature was 5-15°C. 
K. rivulare tolerates desiccation, often appearing 
as dull green dried filaments on exposed rocks. It 
occurs throughout the catchment in the cooler 
months but in mountainous areas can also grow 
in the warmer months. It seems to tolerate eutro¬ 
phication, and also grows in small intermit¬ 
tently-flowing creeks in the hills. 

Taxonomic remarks. The plants described are 
similar to those identified as K. rivulare by 
Morison & Sheath (1985). Although variation in 
some species of the genus has been studied in 
culture (Mattox & Bold 1962), the degree of 
environmental influence on the production of 
geniculations has not been evaluated (Mattox & 
Bold did not have any isolates referable to K. 


rivulare). K. rivulare differs from the commonly 
reported species K. Jlaccidum in the production 
of these geniculations, in its tendency not to 
fragment, and in its riverine rather than terres¬ 
trial habitat (Hazen 1902, Ramanathan 1964). 
Mattox & Bold (1962) discounted the tendency 
to fragment as a useful taxonomic character 
within the Ulotrichales. Since the geniculations 
and rhizoids seem to be produced in response to 
contact with the substratum (Hazen 1902), it 
may be possible for a riverine habitat to induce 
such structures in K. Jlaccidum- like plants. 
Ramanathan (1964) noted that K. rivulare has 
constrictions at the septa whereas K. Jlaccidum 
does not. Hazen (1902) reported these constric¬ 
tions in both species, but no actively growing 
filaments collected in the Yarra River basin had 
any such constrictions (under stress, the thick¬ 
ened walls were constricted at the septa). 

Morison & Sheath (1985) did not give cell 
measurements for K. rivulare but the filaments 
they illustrated range from 7.5-13 pm in diam¬ 
eter. Ramanathan (1964) gave 4-11 pm for the 
filament diameter of AT. rivulare and 5-11 pm for 
K. Jlaccidum , whereas Hazen (1902) gave 8-11 
pm and 6-9.5 pm respectively. All plants defin¬ 
itely referable to Klebsormidium in the present 
study have filaments greater than 7 pm in dia¬ 
meter, those plants with the broadest filaments 
(14-15 pm in diameter) also having the thickest 
walls (up to 4 pm). Morison & Sheath (1985) 
have shown the effect of the environment on 
wall thickness and structure. As no other char¬ 
acters could be found to distinguish taxa, all 
collections of Klebsormidium from the Yarra 
River basin have been included in AT. rivulare. 

The distinction between Klebsormidium and 
other ulotrichalean algae such as Stichococcus 
scopulinus Hazen, 1902 are not clear. Despite 
the studies of Mattox & Bold (1962), generic and 
specific concepts in Klebsormidium and Sticho¬ 
coccus arc still ill-defined. Some of the popula¬ 
tions found in the Yarra River basin were 
difficult to classify due to the deteriorated state 
of the chloroplast, lack of material to study in 
culture, or the intermediate and variable nature 
of key characters. Doubtful identifications have 
been listed above as Ulotrichaceae indet. 

MicrosporaThuret 1850: 221. Hazen 1902: 167. 
Smith 1950: 148. Bourrelly 1966: 252. Bold & 
Wynne 1985: 162. 

Plants consisting of unbranched, usually unat¬ 
tached, uniseriate filaments; cells with parietal, 
granular chloroplast, which is sometimes perfo- 
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rate; pyrenoid lacking; nucleus lying in bridge of 
cytoplasm in middle of cell. Asexual reproduc¬ 
tion (not seen) by bi- or quadri-flagellate zo¬ 
ospores and by akinetes. 

Remarks. Some earlier authors (e.g. Collins 
1909) used the name Conferva Linnaeus for this 
genus but Hazen (1902) argued convincingly 
that this is nomenclaturally incorrect. In any 
case, Conferva is now a nom. rejic. (Greuter 
1988: 128). 

Microspora floccosa (Vaucher) Thuret 1850: 
221, pi. 17, figs 4-7. Hazen 1902: 173, pi. 24, figs 
1-4. 

Distribution. Cosmopolitan; Yarra River basin (Fig. 
13H). 

Specimens examined. Site 7: TJE1088; site 14: 
TJE1137; site 26: TJE856; site 40: TJE123I; site 42: 
TJE894; site 51: TJE1163; site 52: TJE919; site 74: 
TJE974; site 101: TJE1364, TJE1366; site 115: 
TJE1389. 

Cells 10-18 pm in diameter, 12-100 pm long, 
L/D 1-5.5; cell walls usually about 1 pm thick 
but up to 4 pm; H- shaped wall structure usually 
barely visible in intact filaments. 

Habitat and phenology. Plants were usually 
tangled amongst other filamentous green algae 
in spring and autumn; water temperature was 7- 
13°C. Most sites are in little-polluted upper and 
middle Yarra tributaries. 

Taxonomic remarks. As akinetes were not seen, 
the plants described could be referable to 
Microspora willeana Lagerheim, as described by 
Hazen (1902). M . Jloccosa, however, is a com¬ 
mon species worldwide and the older name of 
the two (they may be only growth forms of the 
one taxon). Species distinguished by thicker 
walls, such as M. willeana , must be reconsidered 
following the finding that stress generally pro¬ 
duces thicker cell walls in filamentous green 
algae (see Morison & Sheath 1985). 

Ulothrix Kiitzing 1833: 517. Hazen 1902: 145. 
Smith 1950: 142. Mattox & Bold 1962: 19. Bour- 
relly 1966: 240. Lokhorst & Vroman 1972: 449. 
Bold & Wynne 1985: 158. 

Hormiscia Areschoug 1866: 12. 

Uronema Lagerheim 1887: 517. 

Plants consisting of unbranched, uniseriatc fila¬ 
ments with a parietal chloroplast; chloroplast 
with lobed or wavy longitudinal edges, often 
with more than 1 pyrenoid, at least in older cells, 
encircling more than half the cell perimeter. 


Asexual reproduction by quadriflagellate, stig- 
matic zoospores which, in some species, germi¬ 
nate to produce a holdfast. 

Remarks. Hazen (1902) and Mattox & Bold 
(1962) discussed the synonymy of Ulothrix with 
Hormiscia and Uronema respectively. 

Ulothrix subtilis Kiitzing 1845: 197; emend. 
1849: 345. Lokhorst & Vroman 1972:456, figs 3, 
4. 

Ulothrix subtilissima Rabenhorst 1863: 263. 
Ramanathan 1964: 37, pi. 3M. 

Distribution. Cosmopolitan; Yarra River basin (Fie 
131 ). 

Specimens examined. Site 9: TJE813; site 11: TJE825* 
site 26: TJE1335 p.p.; site 28: TJE1328, TJE1348 

p.p. 

Cells 3-8 pm in diameter, 3-23 pm long, L/D 
0.5-6, terminal cell of young (2-4 celled) fila¬ 
ments acute but becoming rounded with age; 
chloroplast covering more than half of cell per¬ 
imeter, sometimes entire perimeter, with 1-4 
pyrenoids; attachment to substratum by gelati¬ 
nous secretion from basal cell; cells may separate 
following nutrient depletion of media, some¬ 
times fully dissociating; storage products accu¬ 
mulating in older filament, obscuring chloro¬ 
plast. 

Akinetes ellipsoid to spherical, 8-10 pm in 
diameter, 8-13 pm long, produced singly, or in 
scries. Quadriflagellate zoospores ovoid, 6-8 
pm in diameter, 8-14 pm long, with red 
stigma. 

Habitat and phenology. Found in late winter and 
early spring; water temperature was 8-13°C. The 
habitats show apparent ecological disparity, 
ranging from the upper Yarra to the lower 
reaches of Merri Creek. Although Biggs & Price 
(1987) found U. zonata in New Zealand streams 
with low conductivity, Fjerdingstad (1964) and 
Benson-Evans et al. (1975) reported that some 
populations of U. zonata can be pollution toler¬ 
ant. In Australia, Chessman (1982) found Ulo¬ 
thrix sp. in the north- western part of the Latrobe 
River basin, where water quality was generally 
high but some sites had elevated nitrate levels. 

Taxonomic remarks. The plants were identified 
to species by using the criteria of Lokhorst & 
Vroman (1972, 1974a, 1974b), who defined U. 
subtilis as lacking a morphologically specialised 
holdfast but secreting an adhesive gelatinous 
layer from the basal cell. The cells in the Yarra 
River basin material are comparable in size with 
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those found in U. siibtilis by Lokhorst & Vroman 
(1972) but sometimes have more than 2 pyre- 
noids, whereas Lokhorst & Vroman found only 
1 or 2. The zoospores in the Yarra River basin 
plants are also a little larger than those found by 
Lokhorst & Vroman. 

In TJE1328 the chloroplasts were degraded 
and pyrenoids broken down. An isolate cultured 
from this collection, however, produced typical 
Ulothrix chloroplast shape and zoospores. Lok¬ 
horst & Vroman (1972) reported similar changes 
in chloroplast morphology in Ulothrix species. 
Other collections from the Yarra River basin 
may have included similar filaments not recog¬ 
nizable as Ulothrix. These may have been 
included with a dominant mixed species such as 
fClebsormidium rivulare , or grouped with Ulotri- 
chaceae indet. (see above). 

Ulvaceae Lamouroux ex Dumortier 1822: 72, 
102. Womersley 1984: 135. 

Remarks. Only one genus of this family is repre¬ 
sented in the Yarra River basin. 

Enteromorpha Link 1820: 5 (nom. cons.). 
Womersley 1984: 151. 

Thallus branched or unbranched, tubular or 
compressed sheet; chloroplasts one per cell, par¬ 
ietal, laminate or cup-shaped, with 1-4 pyre¬ 
noids. 

Enteromorpha aff. prolifera (O.F. Muller) J. 
Agardh 1883: 129. Koeman & van den Hoek 
1982: 1 18, figs 34-38,41. Womersley 1984: 156, 
figs 48D, 49H. 

Distribution. Cosmopolitan, freshwater and marine; 
Yarra River basin (Fig. 13J). 

Specimen examined. Site 13: TJE1436. 

Plant bright green, probably filiform to tubular 
when young, finally becoming a ruffled com¬ 
pressed sheet, 300 mm long, 50 mm wide and 
about 50 pm thick; thallus appears distromatic 
but the two layers can be separated (best seen 
under a dissecting microscope); cells mostly in 
curved short rows or groups of 4-8 but some¬ 
times irregularly arranged; cells quadrilateral in 
surface view, variously shaped, closely packed, 
7-20 pm long, 5-10 pm in diameter, L/D 1-3; 
chloroplasts laminate, spherical to oval, cover¬ 
ing outer periphery of cell, with 1 (-2) large pyre- 
noid(s). 

Habitat and phenology. One unattached plant 
was found twisted around a rock in late spring; 


water temperature was 21°C. The lower Merri 
Creek is eutrophic with high pH and conductiv¬ 
ity (Victoria, EPA 1983). 

Taxonomic remarks. The Merri Creek plant is 
tentatively referred to E. prolifera. The membra¬ 
nous fragment found has a similar cell arrange¬ 
ment and morphology to plants found in the 
Korkuperrimul Creek at Bacchus Marsh, in the 
Werribee River basin (MELU 24001, TJE1505, 
TJE1506). The Korkuperrimul Creek plants are 
referable to E. prolifera on the basis of cell shape 
and arrangement, chloroplast position in cell 
(i.e. not forming an apical cap), pyrenoid num¬ 
ber and branching pattern. The Korkuperrimul 
Creek plants change with growth, from profu¬ 
sely-branched and filiform (with cells usually in 
longitudinal rows) to large, little-branched, 
membranous sheets (with some small filiform 
secondary branches sometimes remaining). The 
Merri Creek fragment may be part of a mature 
plant of the same species. An unidentified 
Enteromorpha species has been found in Edgars 
Creek, a tributary of Merri Creek (J. Saunders, 
EPA, pers. comm.), and the present fragment 
may have been dislodged from plants farther 
upstream. 

The plants from Merri and Korkuperrimul 
Creeks resemble species of Ulva (not known 
from fresh water) in having two adnate layers in 
the sheetlike thallus. Monostroma also includes 
plants with a membranous thallus, which in that 
genus, however, is monostromatic. Monostroma 
expansa West (in Hardy 1906) was originally 
described from a pool at Burnley, near the Yarra 
River, and later found also in the Werribee 
River (Hardy 1938). Although the syntypes are 
fragmentary (Entwisle 1989a, fig. lb) and the 
cell arrangement and shape are not unlike those 
in Enteromorpha prolifera , the thallus is clearly 
monostromatic and not consisting of two closely 
adhering layers. 

Zygnevnataccae Kiitzing 1843: 173, 274. 

Filaments unbranched; chloroplasts, if parietal, 
ribbon-shaped and often spiralled, or if axial, 
plate-like or globose to stellate and in pairs; pyre¬ 
noids large and prominent. Reproduction by 
conjugation. 

Taxonomic remarks. The delineation of genera 
within subfamilies is based on features of the 
reproductive structures, such as zygospore wall 
structure and the presence or absence of a con¬ 
jugation tube. Where reproductive material was 
not available in the present study, groups of pop- 
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Key to subfamilies of Zygnemataccae 

1. Chloroplasts axial, globose to stellate, two per cell ... .Zygnemoideae 

— Chloroplasts elongate, one or many per cell, extending through most of 

cell.. 

2. Chloroplasts axial and laminate, usually one per cell . 

..Mougeotioideae 

— Chloroplasts one or more, thin, spiral or longitudinal ribbons. 

.Spirogyroideae 


ulations have been delimited. These groups are 
given no formal taxonomic recognition (even as 
“organ” or “form” species; Greuter et al. 1988), 
because a series of worldwide vegetative taxa 
(probably necessarily based on overlapping 
characters) in parallel with the species based on 
fertile material would eventually confuse rather 
than enhance the classification of the Zygnema- 
taceae. As with the Oedogoniaceae, the group¬ 
ings are derived from practical disjunctions in 
the populations examined. There is no evidence 
that the groups found in the Yarra River basin 
include the same species as those found, for 
example, by Israelson (1949) in Sweden. It 
seems more useful to apply a local informal 
name to facilitate ecological studies in each geo¬ 
graphical region. 


Mougeotioideae Randhawa ex Entwisle subf. 
nov. 

Mougeotioideae Randhawa 1959: 25 (nom. 
nud.). 

Type genus. Mougeotia C. Agardh. 

Cells with axial, planar, subrectangular chloro- 
plast(s), generally with pyrenoids, rotating 
around central long axis in response to light. 

Cellulac chloroplast-o(-is) axiali, piano, subrec- 
tangulari plerumque pyrenoidibus, qui circum 
axem longem rotatur. 

Remarks. A Latin diagnosis is provided here to 
legitimise the name proposed by Randhawa 
(1959). The circumscription of this subfamily is 
similar to that proposed for the genus Mougeotia 
by Czurda (1932: 56) and for the subfamily 
Mesocarpoideae West (1916: 325). The name 
Mesocarpoideae is invalid, however, because it 
is based on Mesocarpus Hassall, a superfluous 
name for Mougeotia (for the interpretation of 


the IBCN in a similar case, see Silva 1979- 
34). 

Most species in the subfamily are included in 
Mougeotia. 

Mougeotioideae (Slender-Filament Group) 

Distribution in Yarra River basin. Fig. 14A. 

Specimens examined. Site 26: TJE1298 p.p.; site 45: 
TJEI367; site 47: TJE905; site 50: TJEl 160; site 54* 
TJEl 168; site 108: TJE1376; site 115: TJE1387* 
TJE1388. 

Cells 7-15 pm in diameter, 35-140 pm long, 
L/D 3.5-20; chloroplast single, sometimes con¬ 
stricted in middle (at nucleus), usually with 3-4 
large pyrenoids. 

Habitat and phenology. Plants were found on 
rocks in autumn, winter and spring; water 
temperature was 9-15°C. All sites are in the 
relatively pristine upper Yarra and Watts 
catchments. 

Taxonomic remarks. This group is similar to 
Mougeotia a of Israelson (1949: 330). 

Mougeotioideae (Broad-Filament Group) 

Distribution in Yarra River basin. Fig. 14B. 

Specimens examined. Site 11: TJE825; site 26- 
TJEl298 p.p.; site 28: TJE1323; site 61: TJE948; site 
79: TJEl218; site 103: TJE1395; site 106: TJE1402* 
site 117: TJE1411. 

Cells 15-20 pm in diameter, 44-144(-260) pm 
long, L/D 2.3—9(— 14); chloroplast single, usually 
with 4-6 large pyrenoids. 

Habitat and phenology. Plants were found in 
autumn, winter and spring; water temperature 
was 7-20°C. This group was found in similar 
habitats to the Slender-Filament Group but was 
also present in a few sites that were more eutro- 
phic. 


Key to vegetative groups of Mougeotioideae 

1. Cells < 15 pm in diameter.Slender-Filament Group 

— Cells > 15 pm in diameter.Broad-Filament Group 
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Taxonomic remarks. This group is similar to 
Mougeotia b of Israelson (1949: 330). 

Spirogyroideae West 1916: 347. Randhawa 
1959: 26. 

Cells with one or more parietal, ribbon-shaped 
(with wavy margin), parallel, slightly curved or 
spiral chloroplasts around periphery; pyrenoids 
many, nucleus central in cell. 

Spirogyroideae (Squat-Cell Group) 

Distribution in Yarra River basin. Fig. 14D. 

Specimens examined. Site 18: TJE837; site 16: 
TJE1090, TJE1122; site 26: TJE857, TJE1105, 
TJE1213, TJE1420, TJE1439; site 62: TJE950, 
TJE1195; site 78: TJE990, TJE 1107 p.p.; site 79: 
TJE998, TJE999, TJE1000; site 83: TJE993 p.p., 
TJE1034, TJE1116, TJE1342, TJE1426, TJE1446. 

Cells 40-52 pm in diameter, 16-56 pm long, 
L/D 0.4-1.3(-2.0), with single chloroplast; septa 
planar; rhizoids not seen. 

Habitat and phenology*. Plants were found in spr¬ 
ing, summer and autumn; water temperature 
was 10-17°C. Most habitats are well-lit, little- 
polluted stretches of the Yarra River and tribu¬ 
taries. 

Taxonomic remarks. This group is similar to 
that described as Spirogyra b by Israelson (1949: 
343). It is also similar to S. varians as described 
below, and most specimens are probably refera¬ 
ble to that species. Some specimens of the Squat- 
Cell and Elongate-Cell groups may represent 
plants of the same species at different ages. 

Spirogyroideae (Elongate-Cell Group) 
Distribution in Yarra River basin. Fig. 14E. 


Specimens examined. Site 18: TJE1126; site 19: 
TJE1132; site 23: TJE1094; site 25: TJE1149, 
TJE1189; site 26: TJE1056, TJE1281, TJE1317, 
TJE1438; site 28: TJE1054, TJE1102, TJE1211, 
TJE1277, TJE1295, TJE1324, TJE1329, TJE1417, 
TJE1437; site 31: TJE1212; site 56: TJE1078; site 78: 
TJE1062, TJE1107 p.p., TJE1285, TJE1443; site 83: 
TJE993 p.p., TJE1224, TJE1289. 

Cells 40-50 pm in diameter, 50-250 pm long, 
L/D 1-5, with 3-4(-6) chloroplasts; septa 
planar; rhizoids and holdfasts often present. 

Habitat and phenology. Plants were found 
throughout the year but most commonly in 
autumn; water temperature was 7-18°C. This 
group has a distribution in the Yarra River basin 
similar to that of the Squat-Cell Group except 
that it is also found in the polluted Gardiner’s 
Creek. 

Taxonomic remarks. This group is similar to 
Spirogyra c described by Israelson (1949: 344), 
and like that group most members are probably 
referable to S. fluviatilis Hilse. 

Spirogyroideae (Medium-Filament Group) 

Distribution in Yarra River basin. Fig. 14F. 

Specimens examined. Site 4: TJE1087; site 7: 
TJE1089; site 14: TJE1135; site 17: TJE1372; site 21: 
TJE1145; site 43: TJE1256; site 44: TJE1241; site 100: 
TJE1273 p.p. 

Cells 64-100 pm in diameter, 24-280 pm long, 
L/D 0.3-3.5, often slightly barrel-shaped, with 
(3-)7-8 chloroplasts; septa planar; rhizoids not 
seen. 

Habitat and phenology. Plants were found in 
autumn and spring; water temperature was 11- 
14°C. Habitats are diverse but mostly streams 
with some eutrophication. 


1 . 

2 . 

3. 

4. 

5. 

6 . 
7. 


Key to species and vegetative groups of Spirogyroideae 


Plants conjugating, zygospores produced.2 

Plants vegetative only, conjugating cells lacking .3 

Zygospores lenticular, > 55 pm long. Spirogyra submaxima 

Zygospores ellipsoid, <55 pm long . Spirogyra varians 

Septa replicate (i.e. with circular infold on secondary walls) . 

.Replicate-Septum Group 


Septa planar.4 

Filaments < 60 pm in diameter.5 

Filaments > 60 pm in diameter.7 

Filaments < 30 pm in diameter.Slcnder-Filament Group 

Filaments > 30 pm in diameter.6 

One chloroplast per cell; cell L/D generally <1 ... Squat-Cell Group 
More than one chloroplast per cell; cell L/D > 1 Elongate-Cell Group 

Filaments < 100 pm in diameter.Medium-Filament Group 

Filaments > 100 pm in diameter.Broad-Filament Group 
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Taxonomic remarks. Two populations, 
TJE1145 and part ofTJEl 273, had only 3 chlor- 
oplasts rather than 7-8 as in all other popu¬ 
lations. Those plants with many chloroplasts are 
similar to Spirogyra d described by Israelson 
(1949: 348). Some are also probably referable to 
S. submaxima as described below. 

Spirogyroideae (Replicate-Septum Group) 

Distribution in Yarra River basin. Fig. 14G. 

Specimens examined. Site 27: TJE1333; site 31: 
TJE870. 

Cells 25-35 pm in diameter, 70-230 pm long, 
L/D 3-8, with 1 chloroplast; septa replicate 
(with circular infolds of secondary walls); 
rhizoids not seen. 

Habitat and phenology. Plants were found in 
winter and spring; water temperature was 7- 
15°C. Both sites are in well-lit stretches of water 
in the Upper Yarra region. 

Spirogyroideae (Broad-Filament Group) 
Distribution in Yarra River basin. Fig. 14G. 

Specimen examined. Site 48: TJE906. 

Cells about 160 pm in diameter, 176 pm long, 
L/D 1.1, with 7-11 chloroplasts; septa planar; 
rhizoids not seen (plants free-floating). 

Habitat and phenology. Plants were found in 
spring; water temperature was 15°C. These 
plants may be more typical of lotic than lentic 
environments. 

Taxonomic remarks. This group is similar to 
Spirogyra e described by Israelson (1949: 349) 
and also to S. maxima but reproductive material 
is needed to confirm its identity. 

Spirogyroideae (Slender-Filament Group) 

Distribution in Yarra River basin. Fig. 14G. 

Specimen examined. Site 100: TJE1273 p.p. 

Cells 24-28 pm in diameter, 28-72 pm long, 
L/D 1-3, with 1 chloroplast; septa planar; 
rhizoids not seen. 

Habitat and phenology. Plants were only found 
in the lower Yarra River in autumn. 

Taxonomic remarks. This group is similar to 
Spirogyra a described by Israelson (1949: 
343). 

Spirogyra Link 1820: 5 (nom. cons.). Transeau 
1951: 11, 123. 


Chloroplast usually spiral, one or more per cell. 
Conjugating tube present, formed by one or both 
gametangia. 

Remarks. Spirogyra includes most of the de¬ 
scribed species in Spirogyroideae. 

Spirogyra submaxima Transeau 1914: 295, pi. 
27, figs 3-4; 1951: 191. Randhawa 1959: 345, 
fig. 349. Gauthier-Lievre 1965: 158, pi. 57, fig. 
B. Kadlubowska 1984: 325, fig. 508. 

Distribution. Asia, Africa, America; Yarra River basin 
(Fig. 14C). 

Specimen examined. Site 44: TJE1316. 

Cells 68-100 pm in diameter, 110-280 pm long, 
L/D 1.5-3.5, with 7-9 chloroplasts; septa pla¬ 
nar. Conjugation scalariform (involving entire 
filament), tubes formed by both gametangia; 
spore-bearing cells inflated; zygospores lenticu¬ 
lar (elliptical or circular in optical cross-section), 
smooth-walled, brown, (56-)72-80 pm in 
diameter in circular cross-section, 52-55 pm in 
diameter in elliptical cross-section. 

Habitat and phenology. Plants were found in 
autumn; water temperature was 9°C. See Spiro¬ 
gyroideae (Medium-Filament Group) for habi¬ 
tat details. 

Taxonomic remarks. These plants are concor¬ 
dant with those described in the protologue of S. 
submaxima. Hoshaw et al. (1987) found that a 
“species complex” of S. maxima (Hassall) 
Kiitzing had a large range in vegetative cell dia¬ 
meters (106-192 pm), and concluded that S. 
maxima and S. submaxima may not be distinct 
species. Nevertheless, the Yarra River basin 
populations have thinner filaments and are ten¬ 
tatively retained in S. submaxima until species 
concepts in Spirogyra are clarified. Hoshaw et al. 
(1987) also pointed out that under scanning elec¬ 
tron microscopy the mesospore wall in S. sub- 
maxima is pitted like that of S. maxima , but in 
the present study only light microscopy was used 
and the outer wall appeared smooth. 

Spirogyra varians (Hassall) Kiitzing 1849: 439. 
Transeau 1951: 153, pi. 22, fig. 1. Randhawa 
1959: 297, fig. 256. Gauthier-Lievre 1965: 163, 
pi. 61. figs Aa-a". Kadlubowska 1984: 288, fig. 
443. 

Distribution. Cosmopolitan; Yarra River basin (Fig. 
14C). 

Specimens examined. Site 79: TJE1048; site 83: 
TJE1034, TJE1347. 
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Cells 32-45 pm in diameter, 16-72 fim long, 
L/D 0.5-2.0, sometimes swollen, with 1 chloro- 
plast; septa planar; rhizoids sometimes present. 
Conjugation scalariform, tubes formed by both 
gametangia; spore-bearing cells usually inflated 
on conjugating side; zygospores ellipsoid, 
smooth walled, yellow, 28-32 pm in diameter, 
44-52 pm long, L/D 1.2-1.8. 

Habitat and phenology. Plants were found in spr¬ 
ing and summer; water temperature was 7-15°C. 
All habitats are in the Yarra River near Warbur- 
ton (see also Spirogyroideae (Squat-Cell Group) 
distribution). 

Taxonomic remarks. The plants from the Yarra 
River basin are similar to those described by 
Transeau (1951). All have ellipsoid zygospores 
borne in cells inflated on the conjugation side, a 
single chloroplast per cell, and similar general 
dimensions of filaments and zygospores. 

The confusing use of the term “ovoid” by 
Transeau (1951) and Randhawa (1959) to mean 
“watermelon shaped” rather than “egg shaped” 
should be noted. The term “ellipsoid” was re¬ 
stricted by Transeau to the meaning “American 
football shaped” but is used here for any surface 
whose plane sections are ellipses or circles. 

Zygnemoideae. West 1916: 343. Randhawa 
1959: 26. 

Cells with more than 1 (usually 2) axial, globose 
to stellate chloroplasts, sometimes with irregular 
processes; 1 large pyrenoid per chloroplast. 

Taxonomic remarks. Zygnemoideae includes 
the type genus of the family Zygnemataceae and 
is therefore an autonym (requiring no autho¬ 
rity). Most species are included in the genus 
Zygnema. 

Zygnemoideae (Vegetative Group) 

Distribution in Yarra River basin. Fig. 14H. 

Specimens examined. Site 4: TJE814; site 8: IJE806, 
TJE809; site 28: TJE1323; site 50: TJE914. TJE1158, 
TJE1160; site 51: TJE1163; site 117: TJE1411. 

Cells 18-28 pm in diameter, 16-64 pm long, 
L/D 0.9-2.2; with two axial chloroplasts, globu¬ 
lar or stellate (with radiating processes). 

Habitat and phenology. Plants were found in 
autumn, winter and spring; water temperature 
was 7-13°C. Representatives are distributed 
widely around the catchment but are not gener¬ 
ally common. Most sites are oligotrophic but the 
genus can apparently withstand some eutrophi¬ 
cation (e.g. TJE814 in lower Diamond Creek). 


Taxonomic remarks. This group is similar to 
Zvgnema a and Zygnema b of Israelson (1949: 
338, 340). 

Chrysophyta 

Chrysocapsaceae Pascher 1912: 175, 198. 

Remarks. This family is represented in the Yarra 
River basin by only one macroalgal genus. 

Tetrasporopsis (De Toni) Lemmermann 1899: 
103. Schmidle 1902: 158. Bourrelly 1968: 64. 

Plants consisting of a rubbery sac adhering at 
base to substratum (e.g. tree roots); cells in an 
outer layer of homogeneous, gelatinous matrix; 
chloroplasts golden-brown, parietal, 2-4 per 
cell. 

Tetrasporopsis fuscescens (A. Braun ex Ktitzing) 
Lemmermann 1899: 103. Schmidle 1902: 159. 

Distribution. Europe; Yarra River basin (Fig. 141). 

Specimens examined. Site 42: TJE896, TJE1357; site 
53: TJE922. 

Plants cumulous, yellow to brown, to 20 mm in 
diameter; cells enclosed singly or in pairs, in 
mucilage 1-2 pm thick, closely packed; cells 
walled, spherical, 5-11 pm in diameter, with 
2_4 cup-shaped chloroplasts; pyrenoids and 
contractile vacuoles absent. Reproduction un¬ 
known. 

Habitat and phenology. Plants were found in 
spring only; water temperature was 10-11°C. 
The streams were surrounded by farmland. 

Taxonomic remarks. The morphology and 
arrangement of cells in the thallus correlates well 
with the plants described as T. fuscescens by 
Tschermack-Woess (1980). There has been 
some dispute in the literature over whether 
Tetrasporopis has cell walls but Dr R. Andersen 
(pers. comm.) has recently discovered that the 
type material of T. fuscescens does have walled 
cells, supporting the conclusions of Tschermack- 
Woess (1980). 

Tetrasporopsis is similar macroscopically to 
Palmetlopsis and Tetraspora (Chlorophyta) but 
the thallus is more rubbery, the cells are more 
densely packed and arranged in an outer layer 
rather than throughout the thallus, and the plant 
is brown rather than grass-green. 

As pointed out by Lund (1960) and Bourrelly 
(1968), the lack of knowledge about motile 
spores in this, the type species of the genus, 
makes affinities uncertain. No spores were 
found in the present study. 
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Tribonemataceae Pascher 1912: 18 (as Tribo- 
nemaceae). 

Remarks. Only one genus of this family was 
found in the Yarra River basin. 

Tribonema Derbes & Solier in Castagne 1851: 
96. Smith 1950: 397. Ettl 1978: 438. Bold & 
Wynne 1985: 435. 

Plants consisting of unbranched uniseriate fila¬ 
ments, with oil rather than starch as a storage 
product; cells with L/D generally greater than 2; 
chloroplast single to many, discoid, yellow- 
green, usually with no pyrenoid. Cells breaking 
into H-shaped pieces to release zoospores or iso¬ 
gametes. 

Tribonema minus (Wille) Hazen 1902: 185, pi. 
25, figs 7, 8. Starmach 1968: 334, fig. 472. Ettl 
1978: 449, fig. 553. 

Distribution. Cosmopolitan; Yarra River basin. 

Specimens examined. Site 26: TJE1298; site 83: 
TJE1322. 

Cells cylindrical or very slightly constricted at 
septa, 5.5-8 pm in diameter, 18-26 pm long, 
L/D 2.5-4.5; cell walls thin with no distinct H- 
shaped wall pieces; chloroplasts parietal, dis¬ 
coid, 2 wrapped laterally around cell, sometimes 
attached in middle, with no pyrenoids. Zoospo¬ 
rangia not seen. 

Habitat and phenology. Plants were found in 
winter; water temperature was 7-l0°C. Both 
sites are in the Yarra River near Warburton but 
this species is probably more widespread in lotic 
or semi-terrestrial environments. 

Taxonomic remarks. Tribonema minus is distin¬ 
guished from the other species of the genus in 
having two chloroplasts in relatively squat cells 
less than 10 pm in diameter (Ettl 1978, Hazen 
1902). 


Vaucheriaceae S.F. Gray 1821: 288 (as Vaucher- 
ideae; corr. Dumortier 1822). 

Remarks. Only one genus of this family was 
found aquatically in the Yarra River basin. 

Vaucheria de Candolle 1801: 20. Entwisle 1988: 

12 . 

Distribution in Yarra River basin. Fig. 14J. 

Plants consisting of aseptate, branched siphons 
tangled in a mat, sometimes with short erect por¬ 
tions; chloroplasts discoid, numerous in per¬ 
ipheral cytoplasm. Sexual reproduction by 
fusion of sperm (from usually tubular male 
gametangium) with oogonium; oospore usually 
with resistant wall. 

Remarks. Only plants growing in flowing water 
are considered here, although the same popula¬ 
tions will commonly be emergent for some part 
of the season. For descriptions and keys to 
terrestrial species, as well as full descriptions of 
the species recorded in the present study, see 
Entwisle (1988; note that most of the records 
from the Yarra River basin in that publication 
are not fully aquatic). All plants were sterile 
when collected (as is usual for Vaucheria in 
flowing water) but many produced gametangia 
in a “crude” culture (i.e. kept moist in a petri- 
dish). 

Habitat and phenology. Vaucheria spp. are 
found in slightly polluted streams and rivers. 
Although the genus is widely distributed on 
muddy banks where there is some nutrient 
input, it tends not to occur aquatically in highly 
polluted urban creeks. If it is found in large mats 
in flowing water it is generally indicative of an 
“intermediate” level of eutrophication. It grows 
in slow-flowing, shallow water habitats in the 
Yarra River from Dight’s Falls to Warburton. In 
urban creeks dominated by Cladophora and Sti- 
geoclonium it is usually not found aquatically. 


Key to species of Vaucheria 

1. Oogonia sessile on vegetative siphon.2 

Oogonia and male gametangia terminal on lateral, bisexual siphon 
(gametophore).3 

2. Male gametangia circinate, on short pedicel. V. bursata 

Male gametangia mostly straight, not pedicellate. V. aversa 

3. Oogonia erect (directed away from vegetative siphon) . . V. geminata 

— Oogonia pendent.4 

4. Oogonia almost radially symmetrical around oogonial pedicel, with no 

distal prominence. V. uncinata 

Oogonia bilaterally symmetrical, with distal prominence .... V. prona 
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Presumably it cannot tolerate extreme eutrophi¬ 
cation (perhaps toxic metals rather than high 
nutrient levels) but requires a substantial input 
of nutrients for growth. The distribution of Vau- 
cheria is closely linked with agricultural land 
use, particularly in Diamond Creek (Consulting 
Environmental Engineers 1986). 

Vaucheria aversa Hassall 1843: 429. Entwisle 
1988: 57, figs 105-108. 

Distribution. Cosmopolitan; Yarra River basin (Fig. 
15B). 

Specimens examined. Site 26: TJE1346. * 

Oogonia globose, with apex reflexed towards 
siphon; oospores globose to ellipsoid, leaving 
distal and peripheral oogonial cavity when 
mature. Male gametangia reflexed at base, orien¬ 
tated parallel to siphon, fusiform to cylindri¬ 
cal. 

Habitat and phenology . Plants were found in 
winter; water temperature was 8°C. V aversa is 
relatively common in mountain areas of Vic¬ 
toria (Entwisle 1988) but is not usually fully 
aquatic. 


Vaucheria bursata (O.F. Muller) C. Agardh 
1811: 21. Entwisle 1988: 14, figs 6-14. 

Distribution. Cosmopolitan; Yarra River basin (Fig. 
15A). 

Specimens examined. Site 11: TJE872; site 17: 
TJE1125;site22:TJE936;site37:TJEl 190,TJE1278; 
site 42: TJE940; site 78: TJE1345; site 83: TJE1050, 
TJE1067, TJE1359; site 91: TJE1406; site 101: 
TJE1365. 

Oogonia ovoid to ovoid-reniform, usually ses¬ 
sile on siphon; oogonial walls smooth; oospore 
walls evenly textured. Male gametangia pedicel¬ 
late, less than 100 pm long, turning through less 
than a full circle and similar in size and shape 
throughout the plant. 

Habitat and phenology. This is the most com¬ 
mon Vaucheria species throughout the year in 
the Yarra River basin; water temperature was 7- 
18°C. Fjerdingstad (1965) stated that V. bursata 
is capable of thriving in polluted water but is 
generally found in other than polluted habitats. 
Like Cladophora glomerata, it grows naturally in 
streams that are more alkaline than those in the 
upper Yarra catchment. Nevertheless, the spe¬ 
cies is widespread in the upper and middle Yarra 
regions. 


Vaucheria geminata (Vaucher) de Candolle in 
Lamarck & de Candolle 1805: 62. Entwisle 
1988: 41, figs 66-71. 

Distribution. Cosmopolitan; not common in Victoria; 
Yarra River basin (Fig. 15B). 

Specimen examined. Site 15: TJE831. 

Gametophores with erect oogonia borne on 
almost straight oogonial pedicels making an 
acute angle with peduncle. Male gametangia 
monoporic, borne on erect pedicels which are 
curved only distally. 

Habitat and phenology. Plants were found in 
spring; water temperature was 11°C. They were 
found in a clean mountain stream (Ca 16.8 
mg/L, Mg 1.2 mg/L) similar to the previously 
recorded habitats of V. geminata in Victoria 
(Entwisle 1988). 

Taxonomic remarks. The population studied 
had gametophores with 2-3 oogonia and sup¬ 
ports the synonymy of V. taylorii and V. gemi¬ 
nata proposed by Entwisle (1988). The name V. 
geminata is used in the absence of any clearly 
defined taxon that has erect oogonia and can be 
distinguished from V. taylorii and the plants 
found in the present study. 

Vaucheria prona Christensen 1970: 250, figs 1,2. 
Entwisle 1988: 48, figs 82-90. 

Distribution. Cosmopolitan; Yarra River basin (Fig. 
15B). 

Specimens examined. Site 17: TJE1125; site 22: 
TJE936, TJE1194. 

Gametophores with 1 or more, usually pendent, 
oogonia less than 100 pm long (if only 1 oogon¬ 
ium, it is lateral to antheridium); oospore walls 
less than 5 pm thick and evenly textured; 
oogonia with no oogonial cavity left by mature 
oospore. 

Habitat and phenology. Plants were found in 
autumn and spring; water temperature was 12- 
13°C. V. prona is a common species on moist soil 
(Entwisle 1988) but was found aquatically at 
only two sites in the Silvan Reservoir area. 

Vaucheria uncinata Kutzing 1856: 21, pi. 60, fig. 
1. Entwisle 1988: 53, figs 101-104. 

Distribution. Cosmopolitan; to date known in Victoria 
only from the Yarra River basin (Fig. 15B). 

Specimens examined. Site 16: TJE840, TJE891; site 
24: TJE1255; site 26: TJE1023, TJE1059; site 78: 
TJE1021. 
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Gametophores with radially symmetrical, pen¬ 
dent oogonia more than 100 pm long and with 
no distal prominence; mature oospore green, 
without thick protective wall. 

Habitat and phenology. V. uncinata is restricted 
to aquatic environments in Australia, occurring 
in spring, summer and early autumn; water 
temperature was 11-18°C. The species does not 
grow in the Yarra River below Yarra Glen. 


Vaucheria sp. (sterile) 

Specimens examined. (Excluding any from sites where 
at least one species determination has been made.) Site 
3: TJEI085; site 4: TJE808; site 7: TJE811; site 16: 
TJE839; site 20: TJE842; site 43: TJE897; site 69: 
TJE964; site 89: TJ E1038, TJE1040; site 96: TJ E1267; 
site 98: TJE1270; site 100: TJE1273, TJE1275. 

Cyanophyta (Cyanobacteria) 

The taxonomic treatment of this group used here 
is mainly that specified by Drouet (1981), 
accompanied where possible by reference to 
classically defined taxa (eg. Desikachary 1959). 
Although there are faults in Drouet’s system, the 
ideal of reducing the number of taxa in a group 
showing such phenotypic plasticity is admirable. 
Most of the arguments put forward by Drouet 
are logical and his exhaustive study of herbar¬ 
ium material establishes him as a formidable 
authority. While there is ample evidence to sug¬ 
gest that genetically stable entities with narrow 
genetic variation do exist (Anagnostidis & 
Komarek 1985), the point at issue is whether 
taxonomically useful disjunctions exist between 
such narrowly defined taxa. 

K. K Baker (1987) recently proposed a more 
classical treatment, based on Geitler (1932), 
with additional undescribed, numbered taxa.’ 
bne found that this system showed the “highest 
resolution and consistency” of any when applied 
to the phenetic clusters delineated in her study. 
Her system is not a comprehensive treatment of 
the Cyanophyta, however, and leaves many of 
the more difficult problems of taxon delineation 
unsolved. A. F. Baker & Bold (1970) had earlier 
proposed an expanded system based on that of 
Drouet but the many varieties they described are 
essentially similar to the ill-defined species of 
earlier authors. 

The system of Rippka et al. (1979) aimed to 
rationalize the number of taxa recognised, but 
id not extend to species level and included the 
nomenclaturally meaningless group “LPP”. In 
addition, although the unsuitability of sheath 
characteristics in defining taxa is stressed, these 
features are used to delineate the LPP group 


(Broady, Garrick & Anderson 1984). The motil- 
ity/immotility of trichomes is considered to be 
an important generic character but was no! 
recorded in most of the collections from the 
Yarra River basin. For these reasons, the 
“Rippka” system has not been used here. 

The recent proposals by Anagnostidis & 
Komarek (1988) for the Oscillatoriales have 
taken into account much of the new experimen¬ 
tal data. While they present a complete classifi¬ 
cation at family level, the circumscription of 
genera is still somewhat nebulous and the de¬ 
lineation of species is not considered. The full 
development of this approach may eventullv 
provide some middle ground for cyanophvte 
taxonomy. 3 

The use of bacteriological features (mainly 
physiological characteristics of cultured plants) 
to define taxa further complicates the taxonomv 
of the Cyanophyta. In the current study, the 
plants collected were in macroscopic colonies, 
similar in habit and habitat to otheralgae. It thus 
seems practical and efficient to include them in 
this survey, and to define taxa on the basis of 
morphological characteristics. Humm & Wicks 
(1980: 6) suggested that until we have a taxon¬ 
omic system that combines morphology with 
whatever bacteriological-type characters are 
needed, “the best wc can do is to use Drouet’s 
caicfully devised taxonomy plus older names for 
the ecotypes of ecophcnes that have been de¬ 
scribed in the past. In this way it is possible to 
indicate which variants of Drouet’s 'lumping' 
we have in mind”. 

Priority for names begins with Gomont (189 7 ) 
for the Loefgreniaceae and Oscillatoriaceae and 
Bornet & Flahault (1988) for the Nostocaceae 
(see Greuter et al. 1988). The divisional name 
Cyanophyta is retained (instead of Cyanobac- 
tenaJfoD^ 08 the reasoning of Bold & Wvnne 
(1985), and because the International Code of 
Botanical Nomenclature (Greuter et al 1988) 
has been used rather than the bacterial code. 

Loefgreniaceae Elenkin 1917: 94. 

Remarks. This family includes only one genus. 

Locfgrenia Gomont in Wittrock et al 1897- 89 
Bourrelly 1985: 383. 

A monotypic genus of bright green plants, con¬ 
sisting of erect trichomes attached to rocks at 
base by mucilage (Fig. 3D); trichomes without 
sheath, gradually tapering to mucronate apex in 
matureplants; sometimes with colourless apical 
cel (s) (Fig. 3A); basal cell with parabolic to con¬ 
ical distal end (Fig. 3C, D); other cells cylin- 
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drical, slightly constricted at septa, variable in 
length (Fig. 3A, D). 

Loefgrenia anomala Gomont in Wittrock et al. 
1897: 90, fig." 1350”. Prescott et al. 1949: 90, pi. 
2, figs 9, 10. Drouet 1981: 183, figs 53-55. 

Fig. 3 

Distribution. Cosmopolitan; Western Australia; Yarra 
River basin (Fig. 15C). 

Specimens examined. Site 27: TJE1027, TJE1334; site 
60: TJE942, TJE1200; site 62: TJE1196; TJE953, 
TJE 1206; site 64: TJE 1207; site 74: TJE 1187; site 78: 
TJE984, TJE991, TJE 1031, TJE 1444; site 83: 
TJE 1065; site 92: TJE 1171. 

Trichomes unbranched, to 1 mm long; cells 
cylindrical (Fig. 3A, D), 2-8 pm in diameter, 7- 
75 pm long, L/D (2-)3-15, with granular cyto¬ 
plasm; apical cell often colourless and friable 
(Fig. 3A); mature trichomes tapering gradually 
towards apex (Fig. 3A), young trichomes with 
more rounded apex (Fig. 3D). Reproduction by 
fragmentation into short cylindrical to ellipsoid 
cells with rounded ends, 7-17 pm long. 


Habitat and phenology . Tufts of filaments 
growing in fast-flowing water were found year 
round; water temperature was 7-18°C. L. ano¬ 
mala is fairly common in mountain creeks and 
the upper Yarra River. It is restricted to sites 
with low nitrogen (generally less than 0.83 mg/L, 
but an isolated reading of 1.78 mg/L) and phos¬ 
phorus (less than 0.04 mg/L), and with few ions 
(hardness less than 54.0 mg/L and conductivity 
less than 108 pS/cm). 

Taxonomic remarks. There is some uncertainty 
about the delineation of this genus and species. 
Although Drouet (1981) described heterocysts 
in L. anomala , both Gomont (in Wittrock et al. 
1896) and Bourrelly (1985) did not find any in 
the material they examined. Gomont (in 
Wittrock et al. 1896) found branching of tri¬ 
chomes to be characteristic of the species but 
Drouet (1981) and Bourrelly (1985; see legend to 
pi. 104, figs 4-6) found branching to be very rare 
or absent altogether. The shape, structure and 
habit of the trichomes, however, are unlike those 
of most other cyanophytes. 



Fig. 3. Loefgrenia anomala Gomont (TJE 1031, scale 25 pm). A, Apical portion of trichomes showing long cells 
and terminal cell without protoplast. B, Fragmentation of trichome into single cells. C, Base of mature trichomes 
showing slightly broader cells. D, Group of young trichomes attached by base in mucilage. 
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Loefgrenia was placed in the Nostocaceae by 
Drouet (1981) and in the Mastigocladaceae by 
Bourreliy (1985), both of these families being 
characterised by the presence of heterocysts. 
Since no heterocysts were found in the Yarra 
River basin material, the genus is retained in its 
own family until it becomes better under¬ 
stood. 

In spite of the uncertainty over the application 
of the generic name, the taxon described here is 
clearly delineated. It can be distinguished from 
all genera described here in the Oscillatoriaceae 
by its long cells (L/D greater than 3) and its grad¬ 
ually narrowing trichome attached by mucilage 
at the base. 

Nostocaceae C. Agardh 1824: xv. Drouet 1981: 
179. 

Plants filamentous and colonial; trichomes cap¬ 
able of forming heterocysts, more or less con¬ 
stricted at cross-walls. 

Anabaena Bory de St-Vincent ex Bornet & 
Flahault 1888: 233. Drouet 1978: 131; 1981: 
187. 

Heterocysts present; trichomes constricted at 
cross-walls, mature terminal cell generally coni¬ 
cal. 

Anabaena oscillarioides Bory de St-Vincent ex 
Bornet & Flahault 1888: 233. Drouet 1978: 156, 
181, figs 32-42; 1981: 187, figs 69-72. 

Distribution. Cosmopolitan; Yarra River basin (Fig. 
15E). 

Specimen examined. Site 32: TJE1074 p.p. 

Plants forming amorphous mat; trichomes with 
generally intercalary, ellipsoid to cylindrical 
heterocysts; heterocysts with rounded ends, 5-6 
pm in diameter, 7-8 pm long; vegetative cells 
cylindrical-discoid with rounded ends, sepa¬ 
rated by deep incisions at septa, 4-6 pm in dia¬ 
meter, 2-5 pm long, L/D 0.5-1; terminal cells 
initially globular to hemispherical, finally 
obtuse-conical; akinetes common, cylindrical 
with rounded ends, very granular contents, 5-7 
pm diameter, 11-17 pm long, formed singly or 
in pairs. 


Habitat and phenology. Plants were found in 
autumn; water temperature was 19°C. A. oscil¬ 
larioides is perhaps typical of lotic environ¬ 
ments, being found in slow-flowing water 
behind a weir in the Plenty River. 

Taxonomic remarks. The terminal cell is often 
“thimble-shaped” or hemispherical, making 
generic determination difficult. In Drouet’s 
system, Nostoc commune Vaucher ex Bornet & 
Flahault is similar to Anabaena oscillarioides 
except that it has almost spherical terminal cells. 
The most closely-matching species in Desika- 
chary’s (1959) monograph is A. laxa (Raben- 
horst) A. Braun ex Bornet & Flahault, which 
Drouet (1978) regarded as a synonym of A. oscil¬ 
larioides. 

Scytonema C. Agardh ex Bornet & Flahault 
1888: 82, 85. Drouet 1981: 180. 

Plants tufty, branched (Fig. 4C); sheaths consist¬ 
ing of more than one trichome (Fig. 4B); het¬ 
erocysts present (Fig. 4A, B) or absent; apical cell 
of trichome hemispherical to spherical (Fig. 
4D). 

Scytonema hofmannii C. Agardh ex Bornet & 
Flahault 1888: 97. Drouet 1981: 180, figs 43, 
44. 

Fig. 4 

Ecophene. Coleodesmium wrangelii (C. Agardh) Borzi 
(see Bourreliy 1985: 394, pi. 108, figs 1-3). 

Distribution. Cosmopolitan; Yarra River basin (Fig. 
15D). 

Specimens examined. Site 16: TJE1091, TJE1 152; site 
26: TJE989; site 34: TJE878; site 36: TJE883; site 45: 
TJE902, TJE 1367, TJE1368, TJE1431; site 60: 
TJE943, TJE944, TJE 1202; site 63: TJE 1204; site 64: 
TJE955; site 65: TJE958; site 70: TJE965, TJE966, 
TJE967, TJE1182; site 71: TJE968; site 73: TJE972; 
site 78: TJE983, TJE1110, TJE1340, TJE1353, 
TJE1423; site 83: TJE994, TJE1114; site 98: 
TJE1271. 

Plant tufty (Fig. 4C) (like Audouinel/a macro- 
scopically), in mats to 5 mm high, dark olive- 
green to brown, consisting of numerous tri¬ 
chomes enclosed in a common branched sheath, 
25-85 pm in diameter. 


Key to genera of Nostocaceae 

Trichomes deeply constricted at cross-walls; trichomes irregularly 

arranged in mucilaginous mat. Anabaena 

Trichomes little or not constricted at cross-walls; plants tufty, 
branched. Scytonema 
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tig. 4. Scytonema hofmannii C. Agardh ex Bornet & Flahault. A, Trichomes in common mucus, one with 2 
terminal heterocysts (TJE1353, scale 20 pm). B, Trichomes in common mucus, one with a single terminal 
heterocyst (7JE1353, scale 20 pm). C, Silhouette of plant showing erect branched bundles of trichomes 
(TJE1431, scale 2 mm). D, Terminal cells of trichome (TJE1353, scale 10 pm). E, Trichome protruding from 
sheath (TJE1368, scale 20 pm). F, Trichomc in common mucus, w'ith a hormogonium (arrow) (TJE1152, scale 30 
pm). G, Amorphous arrangement of trichomes in culture, with numerous hcterocysts (e.g. arrows) (TJE1368 
scale 20 pm). H, Short segment of trichome (TJEI152, scale 30 pm). 
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Trichomes (Fig. 4E, F) cylindrical to torulose 
(with slight constrictions at each septum or at 
alternate ones), straight, curved or less com¬ 
monly spiralled within sheath; heterocysts 
absent or present, 1-3, terminal, spherical, 
ovoid or discoid (Fig. 4A, B, G); cells much 
shorter than broad (Fig. 4D), 7-17 pm in dia¬ 
meter, 2-6 pm long, L/D 0.2-0.5; cytoplasm 
usually granulate (Fig. 4F, H), granules some¬ 
times more abundant adjacent to septa but 
never lining them; terminal cell hemispherical 
(Fig. 4D), 7-11 pm in diameter, 5-10 pm long, 
L/D 0.5-1.3; sheath (Fig. 4E) with thick (to 8 
pm) outer layer of mucus usually present, trans¬ 
lucent or slightly tan coloured, sometimes per¬ 
sisting without trichome. 

Hormogonia (Fig. 4F, H) frequently formed 
by destruction and compression of intercalary 
cells. 

Habitat and phenology. Plants were found year 
round but were rare in winter; water tempera¬ 
ture was 6-19°C. S. hofmannii was found in 
mountain creeks and the Yarra River. Conduc¬ 
tivity was low in the Yarra River as far 
downstream as Dight’s Falls (maximum reading 
of 280 pS/cm in the middle Yarra), in compari¬ 
son with most lowland tributaries. Phosphorus 
was less than 0.33 mg/L, averaging about 0.2 
mg/L in the lower Yarra but being higher in the 
neighbouring tributaries. Hardness was up to 83 
mg/L, much lower than in most tributaries (up to 
1200 mg/L in Northern Creeks). pH reached 7.7 
in the lower Yarra but was up to 9.9 in some 
lowland tributaries (which did not support 5*. 
hofmannii). Nitrogen and toxicants, however, 
were similar in both urban creeks and the lower 
Yarra River. 

Scytonema hofmannii seems to grow in 
streams which are acidic to slightly alkaline and 
have low levels of cations, but it can tolerate 
some eutrophication in larger rivers. 

Remarks. Scytonema is usually characterised by 
the presence of heterocysts. Since most collec¬ 
tions from the Yarra River basin had no het¬ 
erocysts, the plants could be referred to the 
Oscillatoriaceae. In that family, Schizothrix 
mexicana Gomont (as delineated in Drouet 
1981) encompasses the range of morphologies 
described above. However, in culture media 
without nitrate, and also in depleted full- 
nutrient media, heterocysts were produced in 
trichomes isolated from plants that did not bear 
heterocysts in the field (Fig. 4G). It is presumed, 
therefore, that the non-heterocyst bearing plants 
are ecophenes of Scytonema hofmannii. The 


repercussions of this morphological plasticity in 
terms of familial classification cannot be dealt 
with here, but a thorough analysis of heterocyst 
production in the field and in culture is needed 
for members of the Scytonema/Schizothrix com¬ 
plex. Sinclair & Whitton (1977) found a similar 
variation in heterocyst production in members 
of the Rivulariaceae; in that family, populations 
seemed either to have the ability to produce 
heterocysts, or else would not do so under any 
conditions. Since at least some Yarra River 
plants have the potential to produce heterocysts, 
they are here included in a family and genus 
characterised by heterocyst formation. Scyton¬ 
ema hofmannii also has priority over Schizo¬ 
thrix mexicana , should synonymy be demon¬ 
strated in the future. 

The tufty habit of these plants (Fig. 4C) is 
unique among the Cyanophyta in the Yarra 
River basin, and is similar to that described in 
Coleodesmium wrangelii (C. Agardh) Borzi by 
Bourrelly (1985). Genera with similar habit in 
the monograph by Desikachary (1959) include 
Tolypothrix and Plectonema, heteocysts being 
present in the former but absent in the latter. 
Tolypothrix distorta Kutzing ex Bornet & 
Flahault in particular resembles the plants with 
heterocysts described here. 

Oscillatoriaceae Engler 1898: 6. Drouet 1968: 
14. Silva 1980: 53, 103 (nom. cons.). Drouet 
1981: 159. 

Trichomes little or not constricted at cross¬ 
walls, without heterocysts, amorphously 
arranged in mats. 

Arthrospira Stizenberger ex Gomont 1892: 246. 
Drouet 1968: 215. Humm & Wicks 1980: 74. 
Drouet 1981: 174. 

Septa lined on both sides with granules (Fig. 5A). 
Terminal cell without thickened end-wall (Fig. 
5A). 

Arthrospira jenneri (Hassall) Stizenberger ex 
Gomont 1892: 247. Drouet 1968: 216, figs 84, 
85; 1981: 175, fig. 104. 

Fig. 5A 

Distribution. Europe, North and South America, 
Pakistan; Yarra River basin (Fig. 15E). 

Specimens examined. Site 10: TJE815 p.p.; site 26: 
TJE1318; site 32: TJE1074 p.p.; site 43: TJE897 p.p.; 
site 49: TJE1157; site 62: TJE1197; site 72: TJE1183; 
site 85: TJE1015. 
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Key to genera of Oscillatoriaceae 

1. Terminal cell or end of trichome acuminate, with apical swelling or 

thickened end-wall cap.2 

— Terminal cell hemispherical, cylindrical or short-conical; end of tri¬ 
chome mostly cylindrical.3 

2. Terminal cell long-acuminate . Porphyrosiphon 

— Terminal cell short-conical, with thickened end-wall cap; terminal por¬ 
tion of trichome tapering. Microcoleus 

3. Septa lined on both sides by distinct granules . Arthrospira 

— Septa not lined by granules but irregular granules may be present in 

cells. Schizothrix 



fig. 5. A, Arthrospira jenneri (Hassall) Stizcnbcrger ex Gomont. Trichome with cylindrical terminal cell and 
granules lining septa (arrows) (TJE1318, scale 10 pm). B, C, Microcoleus vaginatus (Vauchcr) Gomont ex 
Gomont. Trichomes with granules lining septa (arrows), attenuated terminal portion and thickened end-wall cap 
(TJE1360, scale 20 pm). D, E, Porphyrosiphon splendidus (Greville ex Gomont) Drouct. Trichomes with long 
attenuate ends; some have swollen apex (arrow) but no end-wall thickening (TJE892, scale 20 pm). F, Schizothrix 
arenaria (Berkeley) Gomont. Trichome with obtuse-conical apical cell (TJEl 071, scale 20 pm). G-l, Schizothrix 
friesii (C. Agardh) Gomont ex Gomont (TJE1030, scale 20 pm). G, Trichome with cylindric apical cell and no 
obvious sheath. H, Trichome with thin sheath. 1, Trichome with sheath barely visible. 
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Plants forming amorphous blue-green mats; tri- 
chomes cylindrical; cells 2-8 pm in diameter, 
4.5-6 pm long, L/D 1.3-2.5; septa lined on both 
sides with granules; terminal cells cylindrical to 
hemispherical; sheaths absent or present, thin. 

Habitat and phenology. Plants were found year 
round; water temperature was 7-19°C. Although 
not used as a characteristic species in the ecolog¬ 
ical classification of sites, A.jenneri mostly occu¬ 
pies a specialised niche; ie. lowland streams 
running through dry schlerophyll forest (but site 
72 in the Watts River, surrounded by “wet for¬ 
est”, is an exception). There was generally some 
nutrient input into the streams from agricul¬ 
ture. 

Taxonomic remarks. Some trichomes seem to 
have a slight thickening on the terminal cell end- 
wall. A pronounced thickening is characteristic 
of Microcoleus irriguus (Kiitzing) Drouet, a spe¬ 
cies similar in all other respects. Since this thick¬ 
ening was generally absent or insignificant, all 
plants are referred to A. jenneri. The genera 
Lyngbya and Oscillatoria have also been circum¬ 
scribed so as to include similar plants (Desika- 
chary 1959). 

Microcoleus Desmazieres ex Gomont 1892: 350. 
Drouet 1968: 224. Humm & Wicks 1980: 79. 
Drouet 1981: 176. 

Septa lined on both sides by granules (Fig. 5B, 
C); terminal cell with thickened end-wall cap 
(Fig. 5B, C). 

Microcoleus vaginatus (Vaucher) Gomont ex 
Gomont 1892: 355. Drouet 1968: 226, 244, figs 
89-99. Humm & Wicks 1980: 81, fig. 27. Drouet 
1981: 177, fig. 105. 

Fig. 5B, C 

Distribution. Cosmopolitan; Yarra River basin (Fig. 
15F). 

Specimens examined. Site 4: TJE814; site 16: TJ E845; 
site 23: TJE1095; site 32: TJE875; site 63: TJE952; site 
66: TJE959; site 91: TJE1360; site 118: TJE1413. 

Plants forming amorphous, blue-green to grey- 
green mats; trichomes cylindrical; cells 5-7 pm 
in diameter, 3-5 pm long, L/D 0.5-0.8, with 
granules lining both sides of septa; apical por¬ 
tion of trichome (first few cells) narrowing; at 
least some terminal cells hemispherical to coni¬ 
cal with outer wall becoming thickened into a 
cone or cup; sheaths not seen. 

Habitat and phenology. Plants were found in 
spring and autumn; water temperature was 9- 


18°C. M. vaginatus grows in a wide range of habi¬ 
tats in eutrophic and oligotrophic creeks, and in 
the Yarra River at Warrandyte. 

Taxonomic remarks. The description of M. vagi¬ 
natus by Desikachary (1959) applies also to 
these populations. 

Porphyrosiphon Kiitzing ex Gomont 1892: 331. 
Drouet 1968: 142; 1981: 167. 

Trichomes attenuated at ends (Fig. 5D, E), with 
no granules or 2 large ones on both sides of septa; 
outer wall of terminal cell not thickened. 

Porphyrosiphon splendidus (Greville ex 
Gomont) E)rouet 1968: 166, fig. 80; 1981: 169, 
% 92. 

Fig. 5D, E 

Distribution. Cosmopolitan; Yarra River basin (Fig. 
15F). 

Specimens examined. Site 41: TJE892, TJE1257. 

Plants forming amorphous, blue-green mats; tri¬ 
chomes mostly cylindrical; cells mostly 1.5-2.5 
pm in diameter, 2-5 pm long, L/D 1-2.5; ends of 
at least some trichomes attenuate, with ultimate 
cell long and narrow, up to 20 pm long, less than 
1 pm in diameter, slightly swollen apically (Fig. 
5D) but without any wall thickening; sheath 
thin; short truncate portions of trichome form 
hormogonia. 

Habitat and phenology. Plants were found in 
autumn and spring; water temperature was 10- 
13°C. P. splendidus was only found in creeks to 
the north of Melbourne. Site 41 in Watsons 
Creek was dry in summer. 

Taxonomic remarks. Desikachary (1959) 
included this taxon in Oscillatoria , as O. splen- 
dida Greville ex Gomont. 

Schizothrix Kiitzing ex Gomont 1892: 192. 
Drouet 1968: 26; 1981: 161. 

Septa not distinctly lined with granules; termi¬ 
nal cell without wall thickenings; ends of tri¬ 
chomes either not attenuated or with only ter¬ 
minal cell tapering. 

Schizothrix arenaria (Berkeley) Gomont 1892: 
312. Drouet 1968: 109, 115, figs 28-34; 1981: 
164, figs 80-81. 

Fig. 5F 

Distribution. Cosmopolitan, Yarra River basin (Fig. 

15G). 
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Key to species of Schizothrix 


1. Apical cell conical. S. arenaria 

— Apical cell rounded. S. friesii 


Specimens examined. Site 58: TJE1071; site 82: 
TJE1222; site 91: TJE1075; site 121: TJE1456. 

Plants forming amorphous, blue-green mats; 
trichomes torulose (Fig. 5F); cells 5-8 pm in 
diameter, 3-8 pm long, L/D 0.5-1.6, constricted 
at septa; at least some terminal cells obviously 
obtuse-conical (Fig. 5F), 8-11 pm long, remain¬ 
der hemispherical; sheaths present or absent; 
when present, mucilaginous, to 4 pm thick. 

Habitat and phenology. Plants were found in 
summer and autumn; water temperature was 
10-17°C. Most sites were disturbed but none 
was heavily polluted. 

Taxonomic remarks. Microscopically this taxon 
is similar to Scytonema hofmannii except for the 
presence of some obtuse-conical terminal cells. 
In TJE1071 very few end cells are conical and 
the distinction from S. hofmannii is often not 
clear. In all populations, however, the thallus is 
not tufty and branched as is typical of S. hof¬ 
mannii but is more or less an amorphous mat 
like that of Schizothrix friesii. The plants are 
similar to some species of Phormidium and 
Lyngbya described by Desikachary (1959). 

Schizothrix friesii (C. Agardh) Gomont ex 
Gomont 1892: 316. Drouet 1968: 99, 103, figs 
23-27; 1981: 164, figs 78, 79. 

Fig. 5G-I 

Distribution. Cosmopolitan; Yarra River basin (Fig. 
15H). 

Specimens examined. Site 10: TJE815 p.p.; site 16: 
TJE1120; site 19: TJE1133; site 20: TJE1148; site 25: 
TJE849; site 26: TJE853, TJE1025, TJE1026, 
TJE1057, TJE1106, TJE1319; site 27: TJE963; site 28: 
TJE864, TJE1053, TJE1101, TJE1330, TJE1331; site 
30: TJE869; site 33: TJE877; site 34: TJE879; site 36: 
TJE884, TJE 1252; site 39: TJE1228; site 43: TJE897 
p.p.; site 44: TJE1240; site 45: TJE1367; site 49: 
TJE909; site 50: TJE915, TJE 1159; site 52: TJE918, 
TJE 1165; site 60: TJE947, TJE 1201; site 63: TJE 1205; 
site 65: TJE1209; site 67: TJE982, TJE1181; site 69: 
TJE962, TJE963, TJE1178; site 71: TJE969; site 72: 
TJE971, TJE1185; site 74: TJE975; site 77: TJE979; 
site 78: TJE986, TJE1030, TJE1108, TJE1109, 
TJE1320, TJE1338; site 80: TJE1003, TJE1235; site 
81: TJE1006, TJE1239; site 82: TJE1011; site 83: 
TJE1117; site 84: TJE996; site 86: TJE1018; site 88: 
TJE 1036; site 92: TJ E1172; site 96: TJE 1269; site 103: 
TJE 1394, TJE1395; site 105: TJE1405; site 112: 


TJE1380; site 114: TJE1384; site 115: TJE1388; site 
116: TJE1390; site 119: TJE1450. 

Plants forming yellow-green to blue-green, vel¬ 
vety but amorphous mats; trichomes cylindrical 
(Fig. 5G-I), cells 2-9 pm in diameter, 2-10 pm 
long, L/D 0.5-3, cell contents granular but gran¬ 
ules not lining septa; most terminal cells cylin¬ 
drical (Fig. 5G) to slightly conical, 2-4.5 pm in 
diameter, 3-8 pm long, L/D 1.5-2.7, end-walls 
hemispherical or flattened, with no obvious 
thickening; sheaths absent (Fig. 5G) or present 
(Fig. 5H), thin, with no thick mucilage. 

Habitat and phenology. Plants were found 
throughout the year; water temperature was 6- 
20°C. S. friesii was found in all but the most 
eutrophic of habitats. The populations are diffi¬ 
cult to generalise about ecologically and may 
include a number of ecophenes (or even “spe¬ 
cies”)- Their distribution may be limited by light 
intensity or temperature within an apparently 
broad range of nutrient tolerance. They usually 
grow in a habitat similar to that of Oscillatoria 
retzii C. Agardh sensu Drouet (1981), “at or just 
below the surface of relatively unpolluted 
water”. Drouet (1981: 173) gave a broader range 
of habitats for S. friesii than for O. retzii. 

Taxonomic remarks. There is much variation 
between populations in colour and size but most 
plants seem to have cylindrical or thimble¬ 
shaped terminal cells. The species is very 
broadly circumscribed here because no discrete 
subtaxa could be clearly delineated within it. It is 
possible that some populations should be 
included in S. calcicola (see Drouet 1968, 1981), 
which is distinguished from S. friesii in having 
more rotund terminal cells and generally thinner 
(less than 3.5 pm) trichomes. Trichomes re¬ 
semble those of Oscillatoria retzii (C. Agardh) 
Gomont sensu Drouet in cell dimensions and 
shape but seem to lack thickened end-walls. In 
classical nomenclature and taxonomy, plants 
similar to those described above would be 
included in Oscillatoria , Lyngbya or Phor¬ 
midium, the most similar species recorded by 
Desikachary (1959) perhaps being O. retzii. 

A few populations (e.g. TJE979 and TJE1117) 
have brown, strongly-coloured septa, but this is 
not thought to be a useful specific character 
because the colour may be due to compounds 
accumulated from the water. 
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Rhodophyta 

Batrachospermaceae Fries 1825: 341. 

Thallus consisting of a central axis surrounded 
by whorls of fascicles; rhizoidal filaments often 
covering central axis, sometimes producing 
secondary fascicles. Reproduction by fusion of 
carpogonia and spermatia, subsequent for¬ 
mation of a carposporophyte and carpospores, 
and usually with production of a free-living uni- 
seriate generation (“Chantransia”). 

Habitat and phenology. Members of the Batra¬ 
chospermaceae are found in larger mountain 
creeks and in the Watts and upper Yarra Rivers. 
None were found in the Yarra River down¬ 
stream of Woori Yallock Creek, but they are 
common in the Yarra and its tributaries farther 
upstream and in the Watts River basin. Popula¬ 
tions mainly occur where the surrounding vege¬ 
tation is natural forest or where there is minimal 
land disturbance or nutrient input. Habitats 
generally have low levels of phosphorus (less 
than 0.53 mg/L) and nitrogen (ammonia less 
than 0.26 mg/L, nitrate less than 0.61 mg/L) (see 
MMBW data in Campbell et al. 1982). 

Most species are dominant in summer and 
autumn when water temperatures are above 9°C. 
Batrachospermum keratophytum is a notable 
exception in not producing new upright axes 
during summer and in growing at temperatures 
down to 6°C. 


Reproduction by fusion of spermatium and rela¬ 
tively symmetrical carpogonium, resulting in 
globular or diffuse but limited gonimoblast; car¬ 
pospores generally germinate into a creeping, 
uniseriate, diploid plant (“Chantransia”). Mul- 
tiseriate gametophytes reproduced following 
somatic meiosis in an apical cell of the “Chan- 
transia”. 

Remarks. In the Yarra River basin only B. ker¬ 
atophytum has an extensive and persistent 
“Chantransia” stage. The other species possibly 
have a transient or obscure filamentous stage 
which has evaded detection in this study. 


Batrachospermum atrum (Hudson) Harvey 
1841: 120. Entwisle & Kraft 1984: 226, figs 2A, 
B, 3A, B. 

Fig. 6A-D 

Distribution. Cosmopolitan; widespread throughout 
Victoria; Yarra River basin (Fig. 15J). 

Specimens examined. Site 117: TJE1410, TJE1428. 

Whorls rudimentary (Fig. 6A, B, D), apices 
acute (Fig. 6D); fascicles 1-5 cells long, 
branched 1-2 times. Carpogonia protruding 
from whorl (Fig. 6C). Gonimoblasts large, ses¬ 
sile on main axis, never more than one at each 
node. See Entwisle & Kraft (1984) for full de¬ 
scription. 


Key to genera of Batrachospermaceae 

1. Gonimoblast compact or loosely arranged, usually globular; gonimoblast 

filaments mostly determinate . Batrachospermum 

— Gonimoblast diffuse; gonimoblast filaments all indeterminate 2 

2. Base of carpogonium not lobed. Nothocladus 

— Base of carpogonium distinctly lobed . Sirodotia 

Batrachospermum Roth 1797: 36. Smith 1950: Habitat and phenology. Plants were collected in 
619. Bold & Wynne 1985: 548, fig. 9.25a-e. spring; water temperature was 10°C. Israelson 
Bourrelly 1985: 221. (1942) found B. atrum in Sweden in water with 


Key to species of Batrachospermum. 

1. Whorls rudimentary, fascicles of 1-5 cells . B. atrum 

— Whorls well-developed, fascicles of > 5 cells.2 

2. Outer cells of fascicles globular (or slightly obconical); whorls obovoid to 
obconical; gonimoblasts obscure, loosely arranged .. .B. keratophytum 

— Outer cells of fascicles cylindrical or obovoid; whorls globular, barrel- or 

disc-shaped; gonimoblasts distinct, compact and globular .3 

3. Fascicle cells of similar diameter throughout, cylindrical; gonimoblast 

often in outer part of whorl. B. boryanum 

— Fascicle cells varying in size and shape, mostly obovoid in distal part of 
fascicle; gonimoblast usually in inner part of whorl ... B. gelatinosum 
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Fig- 6 A V,Batrachospermum atrum (Hudson) Harvey. A, Habit of plant; note prominent axis in older branches 
^in, S ?, a n Sey , SP ^ Cd Wh0ds of fascicles * (TJE1428, scale 1 mm). B, Whorls of fascicles in young branch 
( I JJbl 4 0, scale 20 pm). C, Tnchogyne protruding from whorl (TJE1410, scale 10 pm). D, Acute apex of plant 
with compact whorl fascicles (TJE1410, scale 20 pm). E-G, Batrachospermumboryanum Sirodot (TJE1139). E, 
Carpogomal branch arising form intercalary fascicle cell (scale 30 pm). F, Detached fascicles showing cell shape 
an branching pattern (scale 100 pm). G, Mature axis with globular gonimoblasts (scale 100 pm). 
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pH of 7.0-8.0 and with generally high levels of 
calcium. Streams in the Yarra River catchment 
are acidic and soft (unless polluted with organics 
and probably also with metals), and B, at rum has 
a restricted distribution. The only site at which it 
was found in the current study is in Running 
Creek, north of Melbourne. The EPA (pers. 
comm.) found that CaC03 is high (730 mg/L in 
1980 and 570 mg/L in 1983) in Running Creek 
near the junction with Arthurs Creek, while 
most other streams with low levels of nitrate, 
phosphate and metals have CaC03 less than 100 
mg/L (Victoria, EPA 1983). Although the con¬ 
ductivity measured at the collection site in Run¬ 
ning Creek during the present study (167 pS/cm) 
was also higher than in most upper Yarra tribu¬ 
taries, the pH was 6.3, C'a was 8.0 mg/L and Mg 
was 1.2 mg/L, indicating that the water is rela¬ 
tively soft. 

B. atrum has not been found in urban creeks 
during recent years but was recorded at site 12 in 
the lower reaches of Darebin Creek in 1979 
(Entwisle & Kraft 1984). Its presence there may 
indicate a lower level of some toxic ion(s) in that 
year. 

Batrachospermum boryanum Sirodot 1884: 246, 
pi. 29, figs 1-3, pi. 30, figs 1-5, pi. 31, figs 1-6. 
Sheath & Burkholder 1983: 324, figs 1-16. 
Entwisle & Kraft 1984: 254 (note added in 
proof). 

Batrachospermum ectocarpum Sirodot 1884: 
222, pi. 7, figs 1-5, pi. 8, figs 1-7. Entwisle & 
Kraft 1984: 228, fig. 6A-E. 

Fig. 6E-G 

Distribution. Cosmopolitan; seldom found in Victoria; 
Yarra River basin (Fig. 15J). 

Specimen examined. Site 15: TJE1139. 

Primary fascicle cells almost cylindrical (Fig. 
6F), of similar diameter throughout; secondary 
fascicles absent (Fig. 6G). Carpogonial branches 
arising from periaxial and fascicle cells (Fig. 6E), 
carpogonia 20-30 pm long. Gonimoblast (Fig. 
6G) often produced in outer part of whorl. See 
Entwisle & Kraft (1984: 230) for full description 
of species (as B. ectocarpum). 

Habitat and phenology. Plants were found in 
autumn; water temperature was 11°C. B. bory¬ 


anum was found in Sassafras Creek not far from 
the site of the only other recent record of the 
species in Australia, in Sherbrooke Creek, Bel- 
grave (Entwisle & Kraft 1984). Both sites were 
heavily shaded, and B. boryanum also occurs in 
habitats with low light in the United States 
(Blum 1957). The Sassafras Creek site is also sit¬ 
uated in part of the Yarra River catchment with 
high suspended solids (Victoria EPA 1982). In 
January 1988 the site was acidic (pH 5.7) but 
had relatively high electrolytes (conductivity 
130 pS/cm, Ca 16.8 mg/L, Mg 1.2 mg/L) in com¬ 
parison with upper Yarra tributaries. 

Taxonomic remarks. No spermatangia were 
found on the plants from the Yarra River basin, 
so it is possible that the population is dioecious 
rather than monoecious like the populations 
described by Etwisle & Kraft (1984). 

Batrachospermum gelatinosum (Linnaeus) de 
Candolle 1802: 440. 

Batrachospermum moniliforme Roth 1800: 
480. Sheath & Hymes 1980: 1308, figs 37-44. 
Sheath 1984: figs 41-45. 

Batrachospermum helminthoideum (Sirodot) 
Mori 1975: 474. Entwisle & Kraft 1984: 230, figs 
7A-F, 8A-F. 

Figs 7, 8A-N 

Distribution. Cosmopolitan; widespread throughout 
Victoria; Yarra River basin (Fig. 16A). 

Specimens examined. Site 14: TJE1136; site 18: 
TJE1127; site 19: TJE1129, TJE1130; site 20: 
TJE1147; site 21: TJE1144; site 24: TJE1153; site 25: 
TJE1151; site 26: TJE 1103, TJE1215, TJE 1282, 
TJE 1301; site 28: TJE 1296; site 30: TJE 1232; site 39: 
TJE 1227; site 40: TJE890, TJE 1230; site 44: TJE898, 
TJE1243; site 51: TJE916; site 52: TJE1167; site 53: 
TJE921. TJE1170; site 64: TJE 1208; site 72: TJE970, 
TJE1184; site 74: TJE973; site 76: TJE980: site 78: 
TJE1063, TJE1112, TJE1113, TJE1220, TJE1287, 
TJE1304; site 83: TJE1066, TJEI223, TJE1288, 
TJE1308. 

Plants tufted, mucilaginous, 10-60 mm high, 
richly branched (Fig. 7A), main axis percurrent, 
lateral branches of same thickness at insertion, 
often with U-shaped axils; colour grey, brown, 
violet-brown to olive; compact resistant portion 
of lower thallus at times acting to maintain 


Fig. 7. Batrachospermum gelatinosum (Linnaeus) de Candolle. A, Habit of plant, partly figured by Entwisle & 
Kraft 1984, fig. 8D (23973, scale 4 mm). B, Apex of plant (TJE1147, scale 100 pm). C, Compact gonimoblast with 
carposporangia (arrows) (TJE1129, scale 20 pm). D, Whorl fascicle showing cell shape and branching pattern 
(TJE1144, scale 20 pm). E, Carpogonial branch with few bracteae (TJE1113, scale 20 pm). F, Carpogonium with 
spermatium attached (arrow) (TJE1129, scale 20 pm). 
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plants between growing seasons; apices usually 
blunt (Fig. 7B), 

Central axis 20-90 pm in diameter, with 
abundant rhizoidal filaments and occasional 
secondary fascicles (more in older thalli); inter- 
nodes 250-610 pm long; whorls globular to bar¬ 
rel-shaped, separate to confluent, 400-1000 pm 
in diameter; primary fascicles 2-4 per periaxial 
cell, each fascicle branching di- or trichotom- 
ously 5-8 times, composed of 8-15 cell layers; 
distal ends of fascicles at times slightly curved; 
fascicle cells mostly fusiform to obovoid (Fig. 
7D); periaxial cells cylindrical to pyriform, 4-10 
pm in diameter, 9-25 pm long; prpximal cells 
narrowly elongate with swollen ends, 2-8 pm in 
diameter, (12—)20—55(-62) pm long, L/D 3-15; 
distal cells obovoid, 2-5 pm in diameter, 4-12 
pm long. Hairs present or absent, of variable 
length, up to 40 pm long. 

Plants monoecious or dioecious; spermatan- 
gia globular to subglobular, 4-7 pm in diameter, 
6-9 pm long, produced terminally on fascicles. 
Carpogonial branches of 5-10 cells arising from 
periaxial cells (Fig. 7E), and proximal cells of 
fascicles, in place of bracteae, also rarely from 
rhizoidal filaments; carpogonia 2-7 pm in dia¬ 
meter at base, 20-65 pm long, produced in inner 
part of whorl; trichogyne fusiform to cylindrical 
(Figs 7E, F, 8A-E), urceolate (Fig. 8E-H) or 
clavate to inflated obpyriform (Fig. 8I-N); brac¬ 
teae short to long, of varying density. Gonimo- 
blast globular, 70—150(—180) pm in diameter, 
usually produced in inner part of whorls, 2-5 at 
each node; cells of post-fertilisation carpogonial 
branch generally barrel-shaped; carposporangia 
ellipsoid, obovoid or pyriform (Fig. 7C), 7-15 
pm in diameter, 12-22 pm long. 

Habitat and phenology \ Plants were found in 
spring, autumn and early winter; water tempera¬ 
ture was 10-18°C. B. gelatinosum was found 
throughout the Watts River and the upper part 
of the Yarra catchment. It seems to tolerate 
some eutrophication (being common around 
Warburton) and grows mostly in shaded parts of 
larger, well-lit rivers, although it can also grow in 
smaller shaded streams. Fjerdingstad (1965) 
lound it to be tolerant of pollution. In larger 
rivers it usually grows with Nothocladus nodo- 
sus, the two species often forming extensive 
growths on large rocks in autumn. 


Taxonomic remarks. Observations on addition¬ 
al Australian populations of Batrachospermum 
having small gonimoblasts scattered in the inner 
part of whorls has led to a broadening of the spe¬ 
cies concept for these plants. There is consider¬ 
able variation in trichogyne shape (Fig. 8A-N), 
as reported in other groups of species (c.g. 
Sheath Sc Burkholder 1983, Entwisle Sc Kraft 
1984), and no other characters were found which 
could be used to distinguish taxa within this 
group. Two dioecious populations, one also 
characterised by inflated trichogynes (TJE970, 
TJE1184; Fig. 8I-K), the other by a gelatinous, 
dense thallus (TJE890, TJE1230), were found in 
the Yarra River basin. The use of monoecious¬ 
ness or dioeciousness as taxonomic characters 
has been abandoned in most Rhodophyta, and 
both unisexual and bisexual plants have been 
reported in a number of Batrachospermum spe¬ 
cies (Israelson 1942). In no other features are 
there any clear disjunctions, and so all of the 
plants have been included in B. gelatinosum . 

Batrachospermum gelatiosum is the oldest 
available name for plants similar to those de¬ 
scribed, and is therefore more suitable than the 
more narrowly defined B. helminthoideum used 
by Entwisle Sc Kraft (1984). B. moniliforme , a 
superfluous name, has been commonly used 
instead of the homotypic B. gelatinosum (Nec- 
chi 1988). 


Batrachospermum keratophytum Bory de St- 
Vincent 1808: 328, pi. 31, fig. 2. Entwisle Sc 
Kraft 1984: 234, fig. 9A-E. 

Figs 80, 9 

Distribution. Widespread throughout Victoria; Yarra 
River basin (Fig. 16D). 

Specimens examined. Site 14: TJE829; site 26: 
TJE988; site 34: TJE1249; site 40: TJE888; site 45: 
TJE899. TJE900, TJE1244, TJE1245, TJE1370 
TJE1430, TJE1476; site 53: TJE920, TJE1169; site 60: 
TJE945; site 62: TJE95I; site 63: TJE954, TJE1203; 
site 64: TJE956, TJE957; site 68: TJE961, TJE1176, 
TJE 1177; site 75: TJE976; site 79: TJE 1303; site 81: 
TJE 1005; site 83: TJE1427; site 104: TJE1398, 
TJEI479; site 105: TJE1404; site 106: TJE1399, 
TJE 1401, TJE 1480; site 116: TJE1391, TJE1392. 
MEL 685659, MEL 685658, Fernshaw, 11 .xi. 1900, 
Bastow. 


Fig 8 . A-N. Batrachospermum gelatinosum (Linnaeus) de Candolle. Variation in trichogyne size from fusiform 
(A-D, TJE 1147) to urceolate (E-H, TJE 1127) to clavate or inflated obpyriform (I-N, TJE970) (scale 10 pm) O 
Batrachospermum keratophytum Bory de St-Vincent; gon. = gonimoblast, tr. = trichogyne, sp. = spermatium’ 
carp. = carposporangia. Note that gonimoblast development was seldom seen (TJE 1479, scale 10 pm) 
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Fig. 9. Batrachospermum keratophytum Bory dc St-Vincent. A, Habit of plant showing truncate-conical whorls 
and branching (TJE1430, scale 1 mm). B, Gamctophytic plant (with whorls) arising from filamentous stage 
(TJE1399, scale 2 mm). C, Carpogonial branch detached from plant (TJE1401, scale 10 pm). D, Young branch 
showing cell shape and arrangement (TJE1370, scale 20 pm), E, Spcrmatia terminating fascicles in “male" plant 
(TJE1391, scale 10 pm). F, Two carpogonia in cortex of plant and fascicle showing cell shape; tr. = trichogyne, 
gon. = probable gonimoblast filament, sp. = spermatium (TJE1401, scale 10 pm). 
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Multiseriate plant rigid, mucilaginous, 20-50 
mm high and irregularly branched (Fig. 9A; 
usually 45-90°), olive-green to red-brown in 
older plants; whorls 200-450 pm wide, ovoid, 
pyriform (Fig. 9A, D), occasionally barrel¬ 
shaped or cylindrical in older plants, 200-450 
pm long; always confluent; central axis may be 
denuded in abraded plants, except for swollen 
rhizoidal filaments. 

Central axis 20-80 pm in diameter, with 
abundant rhizoidal filaments and secondary fas¬ 
cicles (Fig. 9D); internodes 200-500 pm long; 
fascicles 2(-3) produced terminally from each 
periaxial cell but additional fascicles produced 
laterally; periaxial cells cylindrical,* 8-12 pm in 
diameter, 25-55 pm long; proximal cells of fas¬ 
cicles 4-10 pm in diameter, 15-50 pm long, L/D 

2- 7; intermediate cells cylindrical, ellipsoid to 
obovoid-globular (Fig. 9D); distal cells short 
conical-globular (Fig. 9F), 3-10 pm in diameter, 

3- 12 pm long, L/D 1-1.5. 

Plants dioecious; spermatia globose (Fig. 9E), 
5-6 pm in diameter, produced terminally and 
profusely on most fascicles. Carpogonial 
branches 4-6 cells long, relatively straight (Fig. 
9C) to slightly curved, arising from periaxial 
cells and rhizoidal filaments; carpogonia 3-4 
pm in diameter at base, 20-25 pm long, usually 
straight; trichogyne clavate to elongate-ellipsoid 
(Fig. 9C, F), usually reaching surface of plant; 
bracteae common but short. Gonimoblast con¬ 
sisting of a few swollen cells borne directly on 
carpogonium and determinate and indeter¬ 
minate filaments spreading through cortex (Fig. 
80); carposporangia difficult to detect, terminal 
or lateral, obovoid, 5-8 pm in diameter, 8-11 
pm long; no released carpospores seen. 

Simple filamentous stage (“Chantransia”) red 
to red-brown, branched, forming tangled to tufty 
mat on rocks, to 3 mm high; cells cylindrical, 8- 
12 pm in diameter, 12-32 pm long, L/D 1-5; 
gametophytic plants produced directly (Fig. 9B) 
by conversion of simple filament to central 
axes. 

Habitat and phenology. Upright plants are com¬ 
mon in autumn and spring, but denuded orange- 
brown axes sometimes persist through summer; 
water temperature was 6-13°C. B. keratophytum 
grows mainly in well-shaded, cooler streams but 
can also grow on stable substratum in larger 
rivers (e.g. Little Yarra River, Yarra Junction; 
this population was found after the completion 
of the current study). Measured pH was 6.3-6.4 
and conductivity 98-103 pmS/cm at sites 45 
and 104 (in January and March 1988). 


Fertilisation of carpogonia seems to occur 
infrequently and only late in the season. In many 
localities the plants do not seem to reach sexual 
maturity. The “Chantransia” stage is always 
present, however, and seems to provide the 
main method of surviving unfavourable con¬ 
ditions and producing new gametophytes. All 
other batrachospermaceous plants in the Yarra 
River basin produce abundant carpospores 
throughout their growing period. 


Taxonomic remarks. The discovery of a loosely 
arranged gonimoblast allies this species with the 
genus Nothocladus , which it also resembles in 
the frequent internodal carpogonial branches, 
the symmetrical carpogonial base with a long 
fusiform to clavate trichogyne, and the rigid 
thallus without a compact outer cortical layer 
(cf. Tuomeya). It differs from species of Notho¬ 
cladus , however, in possessing the following fea¬ 
tures (see also Table 4): 

(a) determinate gonimoblast filaments as well 
as limited growth of apparently indeterminate 
filaments; 

(b) a prolific “Chantransia” stage in its life 
history (thus exhibiting a “ Lemanea ” type of life 
history); 

(c) dioecious gametophytes with profuse pro¬ 
duction of spermatia on male plants; 

(d) distal and most secondary cells of fascicles 
that are globular (cf. Figs 10B, C, D, 1 IB); 

(e) ovoid whorls with no regular outer sur¬ 
face; 

(f) relatively straight carpogonia. 

The first feature is sufficient to retain this 
taxon in Ba t rach os perm um , and the remaining 
features distinguish it from other batracho¬ 
spermaceous plants in the Yarra River basin. 
Entwisle & Kraft (1984: 252) noted that the gen¬ 
eric affinities of this taxon were uncertain since 
no gonimoblasts were seen, but it was tentatively 
referred to B. keratophytum which it seemed 
most to resemble vegetatively. The gonimo¬ 
blasts observed in the current study, although 
not compact, are relatively limited in growth 
and include short determinate filaments. This 
type of gonimoblast structure has been found in 
a number of species of Batrachospermum 
(Necchi 1988), including Brazilian plants re¬ 
ferred to B. keratophytum. The assignment of 
these plants to B. keratophytum is therefore 
retained until the type material can be exam¬ 
ined, and the delineation of genera in this family 
is re-evaluated. 
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Nothocladus Skuja 1934: 186. Bourrelly 1985: 
230. 

Vegetative morphology similar to Batrachosper- 
mum but plants usually more rigid and with 
denser cortex; reproduction similar also, but 
gonimoblasts diffuse rather than compact. 

Remarks. No simple filaments (“Chantransia” 
stages) were found with any Nothocladus speci¬ 
mens, and even very young plants had no uni- 
seriate filaments attached to their bases (rocks 
were carefully examined in a number of cases). 
The “Chantransia” stage is therefore presumed 
to be transient and inconspicuous or entirely 
absent. Elucidation of the life cycle of Notho¬ 
cladus in culture is needed. 


Habitat and phenology. Plants were found in late 
spring, summer and autumn; water temperature 
was 9-16°C. N. lindaueri grows in both large and 
medium-sized rivers but not in heavily shaded 
creeks. 

Remarks. Nothocladus lindaueri produces many 
carpogonia in young parts of the thallus but, as 
reported by Entwisle & Kraft (1984), none of 
these have spermatia attached. Spreading 
through the thallus, however, arc specialised fas¬ 
cicles producing spermatia (see Entwisle & Kraft 
1984, fig. 15A). 

Some additional features help to separate the 
two Nothocladus species. N. lindaueri is difficult 
to compress (under a coverslip), the profusely 


Key to Species of Nothocladus 

1. Apical cell of branches protruding; thallus difficult to compress, main 

axis not visible . N. lindaueri 

— Apical cell embedded in whorl; thallus easy to compress, main axis 
usually visible . N. nodosus 


Nothocladus lindaueri Skuja 1944: 11, pis 2, 3. 
Entwisle & Kraft 1984: 246, figs 14A-F, 15A, B, 
D-F. 

Fig. 10 

Type material. Dr O. Necchi Jr has chosen a lectotype 
for this species from the material held in UPS. Nu¬ 
merous isotypes are distributed as part of V.W. Lin- 
dauer’s herbarium. 

Distribution. North Island of New Zealand; relatively 
common in Victoria; Yarra River basin (Fig. 16B). 

Specimens examined. Site 18: TJE1128; site 21: 
TJE1143; site 26: TJE989; site 44: TJE1242; site 51: 
TJE1162; site 52: TJE1166; site 66: TJE1210; site 69: 
TJE1179; site 74: TJE1186; site 75: TJE1188; site 76: 
TJE981; site 79: TJE1216; site 80: TJE1002; site 81: 
TJE1009, TJE1237; site 83: TJE994; site 88: 
TJE1037. 

Alterations and additions to the description of 
the species by Entwisle & Kraft (1984: 246) are 
given in the remarks below and in Table 4. The 
protruding apical cell (Fig. 10A), fascicle cell 
shape (Fig. 10B, C, D), and compactness of the 
cortex (Fig. 1 OF, G) separate this species from N. 
nodosus. The position of the carposporangia in 
the outer cortex can be seen in Fig. 10E, G. 


branched, short-celled fascicles (Fig. 10B, C) 
creating a compact outer cortex. In contrast to N. 
nodosus , the thallus is usually cylindrical rather 
than moniliform, and brown-black to dark-blue 
rather than olive-green. 


Nothocladus nodosus Skuja 1934: 186, pi. 2. 
Entwisle & Kraft 1984: 242, figs 13A-D, 15C, 
G-J. 

Nothocladus tasmanicus Skuja 1934: 187, pi. 
3. 

Fig. 11 

Type material. There are no extant specimens of N. 
nodosus in B (S. Wendker, Curator of Algae, pers. 
comm.), the herbarium in which a specimen of this 
species was first noticed by Skuja (1934), and Dr O. 
Necchi Jr has chosen a specimen in UPS as the lec¬ 
totype. Dr Necchi has also chosen a specimen held in 
UPS as the lectotype of N. tasmanicus. The synonymy 
of these two species, suggested by Entwisle & Kraft 
(1984), has been confirmed by an examination of the 
type materials. 

Distribution. Widespread throughout Victoria; Yarra 
River basin (Fig. 16C). 


Fig. 10. Nothocladus lindaueri Skuja (TJE1188, scale 10 pm). A, Apex of branch showing protruding apical cell 
(see Entwisle & Kraft 1984, fig. 15B, E, F for illustrations of mature thallus). B, Distal end of fascicle showing cell 
shape and arrangement. C, Distal end of fascicle showing cell shape. D, Fascicle whorl detached from thallus. E, 
Carposporangia near surface of plant; note gonimoblast filament (arrow) spreading through cortex. F, Surface 
view of young branch without carposporangia. G, Surface view of older branch with carposporangia (e.g. 
arrowheads). 
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Species “Chantransia” Distribution Diameter of Main Thallus Fascicle Fascicle Most 

Stage of gametangia mature whorls axis apical distal proximal carpogoma 

(urn) cell cell cell length 

L/D (pm) 
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Specimens examined. Site 20: TJE 1146; site 24: 
TJE1154; site 25: TJE1150; site 26: TJE106I, 
TJE1104, TJE1284, TJE1302; site 46: TJE903, 
TJE1246; site 76: TJE978;site 78: TJE 1064, TJE1111, 
TJE1219, TJE 1286, TJE1305, TJE1445; site 79: 
TJE1217, TJE1477; site 83: TJE994, TJE1115, 
TJE1292, TJE1311; site 88: TJE1037, TJE1225. MEL 
68504, N.nodosus , isotype, H. Watts. 

Alterations and additions to the description of 
the species by Entwisle & Kraft (1984: 244) are 
given in the remarks below and in Table 4. The 
relatively loose outer cortex (Fig. 11A), fascicle 
cell shape (Fig. 11B) and an apical cell which 
does not protrude beyond the fascicles distin¬ 
guish this species from N. lindaueri. The repro¬ 
ductive features of N. nodosus (Fig 11C-F) have 
been little illustrated in the past. 

Habitat and phenology. Plants were found in late 
spring, summer, autumn and early winter; water 
temperature was 9-18°C. N. nodosus was always 
found in well-lit larger rivers, often in shaded 
areas and commonly associated with Batracho- 
spermum gelatinosum. In the 1880s N. nodosus 
was found in the Yarra River at Collingwood but 
is now known only from upstream of Yarra 
Junction (Fig. 16C). 

Remarks. The antheridia in Nothocladus nodo¬ 
sus are produced terminally on specialised fas¬ 
cicles (Fig. 11D). Note that Entwisle & Kraft 
(1984) incorrectly stated that the spermatia ter¬ 
minate a diffusely growing filament; their fig. 
15A in fact shows spermatia on an endophytic 
Audouinella. The spermatia of N. nodosus are 
larger than reported by Entwisle & Kraft (1984), 
usually 4-10 pm in diameter, and are often 
obovoid rather than globose before release. 

Nothocladus is generally characterised by 
being cartilaginous. N. nodosus , however, is less 
rigid than N. lindaueri and the fascicles arc easily 
spread out in microscope slide preparation. 
Although most species of Batrachospermum are 
flaccid, B. keratophytum can be quite cartilagi¬ 
nous. The differences between N. nodosus, N. 
lindaueri and B. keratophytum are summarised 
in Table 4. 


Sirodotia Kylin 1912: 38. Smith 1950: 619. 
Bourrelly 1985: 228. 

Vegetative morphology similar to Batracho¬ 
spermum but whorls often more separate and 
tapered. Reproduction is also similar, but carpo- 
gonium has a distinct lobe and gonimoblast is 
diffuse. 
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Fig. 11. Nothocladus nodosus Skuja. A, Mature branch (not compressed in slide preparation) (TJE1146, scale 100 
pm); note that main axis is just visible, and that fascicles are dense but not forming compact outer cortex as in N. 
lindaueri; thallus is often more open (see Entwislc & Kraft 1984, fig. 13B-D). B, Fascicle showing cell shape and 
arrangement (TJE1037, scale 10 pm). C, Carposporangia terminating gonimoblast filament (TJE1462, scale 20 
pm). D, Spermatia terminating fascicle (TJE1037, scale 10 pm). E, Trichogync arising from carpogonial branch 
with dense bractcae (TJE1037, scale 20 pm). F, Gonimoblast filaments (arrows) spreading through thallus; note 
carpogonial branch with obscuring bracteae to left of photograph, and gonimoblast filament (arrowhead) arising 
from that mass (TJE1462, scale 20 pm). 
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Sirodotia suecica Kylin 1912: 38, fig. 3. Sheath & 
Hymes 1980: 1306, figs 18-25. Entwisle & Kraft 
1984: 238, figs 11A-F, 12A-E. 

Distribution. Cosmopolitan; few known localities in 
Victoria; Yarra River basin (Fig. 16E). 

Specimens examined. Site 19: TJE1134; site 21: 
TJE834; site 50: TJE914, TJE1160; site 80: 
TJE1004. 

Plants mucilaginous, richly branched, green to 
blue-green, 10-80 mm high; main axis percur- 
rent; apices blunt or tapered. 

Central axis 25-80 pm wide, with abundant 
rhizoidal filaments and secondary fascicles; 
intemodes 150-800 pm long; whorls small, 
ellipsoid, obovoid or obpyriform, 250-350 pm 
in diameter, confluent or separated, usually 
tapering; primary fascicles 3-5 per periaxial cell, 
branched dichotomously 3-6 times, 4-10 cells 
long; cells ellipsoid-cylindrical to obovoid; prox¬ 
imal cells 2-7 pm in diameter, 10-30 pm long; 
distal cells 3-6 pm in diameter, 7-13 pm long. 
Hairs rare, up to 40 pm long. 

Plants monoecious and dioecious; spermatia 
globular, 4-5.5 pm in diameter, terminating fas¬ 
cicles. Carpogonial branches of 3-4(-5) cells 
arising from periaxial cells, proximal cells of fas¬ 
cicle, and sometimes rhizoidal filaments; carpo- 
gonia 4-8 pm in diameter at base, with distinc¬ 
tive asymmetric swelling, and 19-42 pm long; 
trichogyne ellipsoid, pyriform or cylindrical. 
Gonimoblast initial arising from side opposite 
to the swelling on carpogonial base, and produ¬ 
cing indeterminate filaments; carposporangia 
ellipsoid, ovoid or pyriform, (4—)6—8 pm in dia¬ 
meter, 8-10 pm long. 

Habitat and phenology. Plants were found in spr¬ 
ing and autumn; water temperature was 11- 
13°C. All sites are in southern tributaries of the 
Yarra River, in streams that mostly flow through 
mudstone and sandstone. Non-filterable resi¬ 
dues (suspended solids) are high in these streams 
(Victoria, EPA 1983). Site 50 was acidic (pH 6.0) 
but reasonably conductive (133 pmS/cm). 

Taxonomic remarks. Since there is no clear or 
consistent disjuction between the two “forms” 
of S. suecica reported by Entwisle & Kraft (1984) 
they have been combined in the above descrip¬ 
tion. The relationship between S. suecica and 
other Sirodotia species is discussed by Entwisle 
& Kraft (1984: 242). 

A number of plants collected from the Yarra 
River basin seem to be unisexual, so the descrip¬ 
tion has been expanded to include dioecious 


plants in what is usually reported as a mono¬ 
ecious taxon (Israelson 1942). 

Compsopogonaceae Schmitz 1896: 318. 

Remarks. Only one macroalgal genus of this 
family has been found in the Yarra River 
basin. 

Compsopogon Montagne 1846: 152. Smith 
1950: 610. Bourrelly 1985: 208. 

Young filaments uniseriate, becoming corti¬ 
cated and having compact arrangement of per¬ 
iaxial cells; no obvious cytoplasmic connections 
between cells. Reproduction by monospores 
that are cleaved from outer cortical cells. 

Compsopogon coeruleus (Balbis) Montagne 
1846: 154. Entwisle & Kraft 1984: 220, fig. 4A- 
G. 

Distribution. Widespread in temperate and subtropi¬ 
cal areas; limited to a few river basins in Victoria; 
Yarra River basin (Fig. 16F). 

Remarks Although periodically common in 
Darebin and Merri Creeks in 1980-81 (Entwisle 
& Kraft 1984), this species was not found during 
the current study. 

Porphyridiaccae Kylin ex Skuja 1939: 31. 

Remarks. Only one genus forming macroscopic 
clumps has been found in the Yarra River 
basin. 

Chroodactylon Hansgirg 1885: 14. 

Ellipsoid cells loosely arranged in uniseriate 
branched chains, with no cytoplasmic connec¬ 
tions; chloroplast stellate and axial. Monospores 
formed from entire vegetative cells. 

Chroodactylon ornatuni (C.Agardh) Basson 
1979: 67, pi. 9, fig. 52. Entwisle & Kraft 1984: 
218, fig. 3C, D. 

Distribution. Cosmopolitan; few collections in Victo¬ 
ria; Yarra River basin (Fig. 16F). 

Remarks. This small alga is barely in the 
“macroalgal” category. No specimens were 
found in the present study but they may have 
been overlooked, as the species was recorded by 
Entwisle & Kraft (1984). 

Rhodochortaceae Nasr 1947: 92. 

Remarks. Audouinella is the only genus of this 
family forming macroscopic clumps in the Yarra 
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River basin. An endophytic Audouinella (= Bal- 
biania Sirodot) was found growing in Sirodotia 
suecica and all three species of Nothocladus , but 
it is not described in the present work which 
includes only macroscopic benthic algae. 

Audouinella Bory de St-Vincent 1823: 340. 
Smith 1950: 618. Bold & Wynne 1985: 556. 
Bourrelly 1985: 216. 

Uniseriate branched filaments with parietal, 
ribbon-like or plate-like chloroplasts; pit con¬ 
nections between cells; reproduction mainly by 
terminal monospores in freshwater, but carpo- 
gonia, spermatia and tetrasporangia frequently 
reported. 

Audouinella hermannii (Roth) Duby 1830: 972. 
Entwisle & Kraft 1984: 223 (with incorrect 
author citation). 

Audouinella violacea (Kiitzing) Hamel 1925: 
57. Sheath & Hymes 1980: 1302, figs 14-17. 

Chantransia hermannii (Roth) Desvaux 1809: 
310. Israelson 1942: 15. 

Distribution. Cosmopolitan; seldom collected in Vic¬ 
toria; Yarra River basin (Fig. 151). 

Specimens examined. Site 16: TJE1093, TJE1118; site 
58: TJE1070; site 89: TJE1174, TJE1175; site 100: 
TJE1274, TJE1276. 

Thallus erect, forming tufts on stones, concrete 
or willow roots; consisting of cylindrical cells in 
uniseriate, branched filaments. Reproduction 
usually by monospores. See Entwisle & Kraft 
(1984: 223) for full description. 

Habitat and phenology. Plants were found in 
autumn; water temperature was 16-19°C./L her¬ 
mannii is usually found in streams with some 
nutrient input but not in the heavily polluted 
urban creeks. Biggs & Price (1987) found A. her¬ 
mannii in regulated streams subject to some 
disturbance, with exotic willows providing some 
substrata. 

Taxonomic remarks. Audouinella hermannii , as 
conceived in the broad sense now adopted by 
most contemporary workers, includes most 
tufted aggregates of sparingly branched uni¬ 


seriate filaments with pit-connected cells and 
frequent monosporic reproduction. Some col¬ 
lections (TJE889, TJE1176, TJE1249, 

TJE1226, TJE1229) were judged to be part of a 
batrachospermaceous life history (Fig. 151), the 
filaments of these plants being little aggregated 
and without monospores, and growing with 
typical batrachospermaceous plants nearby or 
attached. Plants in the Plenty River, Toorour- 
rong Reservoir catchment (TJE1456) were 
aggregated but had no monospores or associated 
batrachospemaceous plants, and could not be 
adequately classified. 

GENERAL REMARKS ON THE YARRA 
RIVER BASIN FLORA 

Most genera of macroalgae found in the Yarra 
River basin are distributed widely around the 
world. The exceptions are Palmellopsis 
(although some collections of this genus may 
have been referred to Tetraspora); Parallela 
from North and South America and New Zea¬ 
land; Tetrasporopsis from Europe; and Notho¬ 
cladus from Madagascar and New Zealand. 
Some species seem to be restricted in distrib¬ 
ution, but there are often doubts about species 
delineations which confuse biogeographical 
attributions. 

Conversely, some genera which are reported 
to be very common in seemingly comparable 
overseas habitats were not found in the Yarra 
River basin. These genera include Tuomeya , 
Lemanea (both similar in habit and habitat to 
Nothocladus ), Thorea and Bangia of the Rho- 
dophyta, Stigonema (similar in habit and habi¬ 
tat to Scytonema hofmannii) of the Cyanophyta, 
and Hydrurus of the Chrysophyta. 

No doubt further studies in the area will dis¬ 
cover new records, but the current flora should 
provide a basis for future assessments on the 
macroalgae of the Yarra River basin. The taxon¬ 
omic groups most in need of intensive study to 
clarify species concepts are the Ulotrichaceae 
and the Cyanophyta, while reproductive mater¬ 
ial of various “taxa” in the Zygnemataceae and 
Oedogoniaceae is needed for meaningful iden¬ 
tification of species in these families. 
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Fig. 12. Distribution of taxa in the Yarra River basin. A, Chaetophora elegans. B, Draparnaldia mutabilis. C, 
Stigeoclonium (larger dots represent more than one site). D, S.farctum. E, S. tenue. F, Cladophora glomerata. G, 
Rhizoclonium hieroglyphicum. H, Oedogonium crassum. I, O. intermedium. J, O. sp. A (•) and O. sp. B, (a) 
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Fig. 13. Distribution of taxa in the Yarra River basin. A, Oedogonium (Slendcr-Filament Group). B, O. 
(Medium-Filament Group). C, O. (Broad-Filament Group). D, Palmellopsis gelatinosa. E, Parallela 
novae-zelandiae. F, Ulotrichaccae indet. G, Klebsormidiutn rivulare. H, Microsporafloccosa. I, Ulothrix subtilis. 
J, Enteromorphu afT. prolifera. 
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Fig. 14. Distribution of taxa in the Yarra River basin. A, Mougeotioideae (Slender-Filament Group). B, 
Mougeotioideac (Broad-Filament Group) (large dot represents more than one site). C, Spirogyra submaxima (•) 
and S. various (a). D, Spirogyroidcac (Squat-Cell Group). E, Spirogyroideae (Elongate-Cell Group). F, 
Spirogyroideae (Medium-Filament Group). G, Spirogyroidcac [Replicate-Septum Group (•), Broad Filament 
Group (a) and Slender-Filament Group (■)]. H, Zygnemoideae (Vegetative Group). 1, Tetrasporopsisfuscescens 
(•) and Tribonema minus (a). J, Vaucheria. 
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Fig. 15. Distribution of taxa in the Yarra River basin. A, Vaucheria bursata. B, V. aversa (•), V. geminata (a), V 
prona (■) and V uncinata (♦). C, Loefgrenia anomala. D, Scytoncma hofmannii. E, Anabaena oscillarioides (•) 
and Arthrospira jenneri (a). F, Microcoleus vaginatus (•) and Porphyrosiphon splendidus (a). G, Schizothrix 
arenaria. H, Schizothrix friesii. I, Audouinella hermannii (•) and probable “Chantransia” stage of 
Batrachospermaceous life history (o). J, Batrachospermum atrum in 1986-1987 (•) and in 1979 (o), and B. 
boryanum (a). 
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Fig. 16. Distribution of taxa in the Yarra River basin. A, Batrachospermum gelatinosum. B, Nothocladus 
lindaueri. C, N. nodosus. D, Batrachospermum keratophytum. E, Sirodotia suecica. F, Compsopogon coeruleus in 
1980-1981 (o) and Chroodactylon ornatum in 1981 (a). 


CLASSIFICATION OF STREAM HABITATS 
IN THE YARRA RIVER BASIN USING 
MACROALGAE 

Biological monitoring of water quality can be 
used (Pridmore 1983) to (a) identify problem 
areas; (b) suggest possible chemical and physical 
effects (and hence those that should be tested); 
(c) complement chemical and physical analysis 
(as part of the total budget of the system); and (d) 
measure the intrinsic effects of the organisms 
(e.g. as weed species, for food value etc.). 
Williams (1980: 195) commented that although 
“no one [taxonomic] group seems pre-eminently 
suited as a biological monitoring tool,... algae 
have been claimed as particularly useful; unfor¬ 
tunately their taxonomy requires expert train¬ 
ing”. Williams (1980) further states that the 
biota of rivers, streams and lakes must be known 


precisely, both in regard to its taxonomy as well 
as to its ecology. The distribution and ecology of 
freshwater algae in Australia, however, have 
received scant attention. 

There is an expansive literature on the 
attached stream algae overseas (Johansson et al. 
1977) but this predominantly concerns micro¬ 
algae. In Australia, Jolly & Chapman (1966) 
provided the only detailed account which 
includes macroalgal ecology in flowing water, 
from Coxs River in New South Wales. There are 
incidental ecological notes in some short 
accounts (e.g. Watts 1883, Hardy 1907, May 
1980) and in recent taxonomic treatments of 
macroalgae (Entwisle & Kraft 1984, Entwisle 
1988), but these data are not comprehensive. 

The Yarra River basin features in most sur¬ 
veys of freshwater algae in Victoria, but early 
species records cannot generally be verified 
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(Entwisle 1989b). One of the major influences 
on the Yarra River system has been the expan¬ 
sion of urban Melbourne, from the mouth of the 
river at the time of European settlement (1836) 
to its current extension into the Upper Yarra 
Valley. Most early collections from the Yarra 
River basin came from the downstream tribu¬ 
taries (collections by Bastow in 1899 and 
Mueller in 1853, both housed in MEL) and from 
the lower reaches of the river below Heidelberg 
(Watts 1865, Hardy 1906); however, Berggrens 
in 1875 (see Nordstedt 1888) and Bastow in 
1 900 (MEL) made collections in and near the 
Watts River at Fernshaw. The flora of the Upper 
Yarra Region has remained mostly unknown. 

The results of the current lloristic survey have 
been analysed and compared with water quality 
data, where available, to provide a classification 
of stream habitats in the Yarra River basin (see 
Methods). This classification will provide a 
reference point for future changes in stream 
habitats and a means of distilling knowledge 
about macroalgal communities. 

Mueller-Dombois & Ellenberg (1974: 444) 
stressed that “quantitative field analysis 
methods and the computer processing methods 
of vegetation data are ... really successful only 
where meaningful qualitative analysis precedes 
the quantification.” In this study, however, 
quantitative analyses have been used to help dis¬ 
till the data and help towards providing a 
“meaningful qualitative analysis” (mathemati¬ 
cal methods should both simulate and stimulate, 
according to Clifford & Stephenson 1975: 148). 
The analyses, therefore, should not be regarded 
a s indicating the ultimate classification of algae 
and sites, since they are based on preliminary 
data from a limited number of localities. Using 
the results of these analyses and experience from 
field collecting, a system of classification is pro¬ 
posed which can be tested against further infor¬ 
mation. 

Results and Discussion 

Strata. The results most easily interpreted were 
achieved by grouping the EPA chemical data 
with MCAN (Table 5, Fig. 17A, B), and compar¬ 
ing the results with the species data. There is a 
general trend towards increased eutrophication 
from group A to group E. In terms of macroal¬ 
gae, group D is distinguished from group E only 
in having slightly more sites with Cladophora 
glomerata (100% compared with 89%) and fewer 
with Stigeoclonium spp. (33% compared with 
71%). The distinction is dubious, however, when 
the seasonal variation in dominance of these 
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species at each site is considered (Entwisle 
1989a). Nevertheless, group E seems to be mar¬ 
ginally more polluted (in a general sense) than 
group D, and this trend is paralleled by the 
greater frequency of Stigeoclonium in group E. 
Whitton (1970a) found Cladophora glomerata 
to be more sensitive than Stigeoclonium to zinc, 
copper and lead, and group E has much higher 
values for toxicant mixture 90% and median 
(Table 5). 

Group B is richer in species than all other 
groups and is characterised by Batrachosperm- 
aceae. Group C is intermediate between group B 
and groups D and E in terms of species and 
chemical composition. Group A is more iso¬ 
lated. 

In the Principal Co-Ordinate Analysis 
(PCOA) of the EPA data (Fig. 17C), the first vec¬ 
tor carries 58% of the information, the second 
vector 11% and the third vector 8%. Strata in 
groups D and E are very closely packed in the 
plot of vector 1 versus vector 2 but are only just 
separated along the first vector. Groups 13, C, 
and the D/E complex are orientated and clearly 
separated along the first vector, whereas group A 
is separated from B on the second vector. 

The first vector is negatively correlated with 
pH 10%, total nitrogen 90% and median, tem¬ 
perature 90% and median, hardness 10% and 
conductivity 10% (-0.83 > corr. coeff. > 
-0.76). This corresponds to the floral change 
from species of Cladophora and Stigeoclonium 
in polluted strata to species of Batrachosperma- 
ceae in ‘cleaner’ strata. The second vector, which 
separates groups A and B, is most strongly cor¬ 
related negatively with temperature 10% and 
turbidity 10%, and positively with DO 90% and 
with toxicant mixture 10% and median (±0.37 
> corr. coeff. > ±0.25). Strata in group A, 
therefore, are warmer, more turbid, less oxy¬ 
genated, and have more toxic metals than those 
in group B. These factors seem to lessen the 
dominance of the Batrachospermaceae, 
although the correlations are very low. 

Species most strongly correlated with vector 1 
(basically from eutrophic to oligotrophic) are, 
negatively, Cladophora glomerata and, posi¬ 
tively, Klebsormidium rivulare, Draparnaldia 
mutabilis, Oedogonium (Medium-Filament 
Group), Loefgrenia anomala, Nothocladus spp. 
and Batrachospermum gelatinosum (±0.85 > 
corr. coeff. > ±0.5). With vector 2, Vaucheria 


bursata, V. prona and Sirodotia suecica are nega- 
tively correlated, and Spirogyroideae (Repli¬ 
cate-Septum Group) is positively correlated 
(±0.52 > corr. coeff. > ±0.45). 

The inverse analysis (using NIASM) shows 
similar trends but slightly different groupings 
(Fig. 18). The most important (0.95 > 
CRAMER value > 0.8) chemical parameters 
(masked from main analysis) are pH 10% and 
median, hardness 10%, conductivity 10%, 
non-filterable residues 10%, and temperature 
median and 90%. Neither nitrogen nor phospho¬ 
rus are included in the most important correla¬ 
tions with the macroalgal groupings. Most of the 
significant parameters are generally associated 
with the distribution of Cladophora (Whitton 
1970b), which predominates in alkaline, hard 
waters. Toxic metals can restrict the growth of 
Cladophora but the minimum toxicant mixture 
level (i.e. 10 percentile) would not be limiting. 

The lower Yarra basin (below Yering Gorge), 
excluding the “northern tributaries”, is divided 
into 3 groups distinguished by the relative abun¬ 
dance of Stigeoclonium, Cladophora and Vau¬ 
cheria. , and the presence or absence of additional 
species such as Spirogyroideae spp. and Oedo¬ 
gonium crassum. The three upper Yarra and 
northern tributaries groups are distinguished 
from each other by the relative abundance of 
Stigeoclonium, Parallela, Batrachospermaceae, 
Draparnaldia and Vaucheria. The groups were 
difficult to characterise precisely on the basis of 
macroalgae, probably in part due to the hetero¬ 
geneity of the habitats in each of the strata. In 
addition, physical parameters such as light 
intensity, substratum and flow rate are also 
important in the distribution of macroalgae. To 
produce a worthwhile classification of macro- 
algal communities (rather than testing their cor¬ 
relation with chemical gradients), the individual 
sites were examined. 

Sites. The presence/absence data of 56 taxa from 
118 sites, many of these sites represented by 
fewer than 3 taxa, produced only a few interpret¬ 
able groups using NIASM and MACINF. The 
higher clusters could not be reconciled with any 
field observations. Sites with few taxa were often 
grouped incongruously and, since MACINF 
matches absences to form the dissimilarity 
matrix, sites with many taxa were isolated in 
small groups. The addition of qualitative cover 


Fig. 17. A, Dendrogram of selected EPA physical/chemical data (from Victoria, EPA 1983) using MCAN and 
SAHN (sites were arranged into the strata defined in Victoria, EPA 1983; see Table 1). B, Distribution of the 
groupings in the Yarra River basin. C, Principal co-ordinate analysis showing first two vectors. 
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Fig. 18. Dendrogram of sites arranged into strata (see Table 1) and analysed with NIASM; 'Others = Upper 
Yarra, Maroondah and Upper Armstrong/O’Shannassy catchments, and Maroondah experimental weirs. 


measures for the NIASM analysis did not 
improve the groupings. These cover measures 
can also be misleading since most macroalgae 
are opportunistic and biomass can vary dram¬ 
atically depending on environmental conditions 
at the time of sampling. 

The classification using the matrix based on 
the Jaccard measure (MJAC) was better suited 
to the data (i.e. the groups were interpretable). 
When sorted with SAHN this classification did 
not produce a high level of clustering (Fig. 19A) 
but the enhanced clustering techniques of 
NIASM and MACINF seemed to obscure real 
grouping anyway. The dendrogram of the 
MJAC/SAHN classification was subjectively 
terminated at the 11 group level (Fig. 19A, B). 
(Note that Clifford & Stephenson 1975 stressed 
that different cut-off points can be used on the 
one dendrogram but it was not necessary or 
advantageous to do that here.) 

The inverse analysis of species with sites as 
attributes using MSED/SAHN resulted in few 
useful species groupings (see Appendix for 
twoway table based on MSED/SAHN species 
classification and MJAC/SAHN site classifi¬ 
cation). Some of these species groups can be 
used to distinguish ecologically similar sites, 


while in other cases subjectively selecting spe¬ 
cies from a few groups is better. In general, the 
first two species groups are found in oligotrop- 
hic, acidic, mountain streams and rivers; Vau- 
cheria in slightly polluted, alkaline streams; 
Cladophora in heavily polluted urban streams; 
and Stigeoclonium in both disturbed mountain 
streams and polluted urban streams. These sub¬ 
divisions correspond closely to the termination 
of the SAHN dendrogram at the 13 group level. 
The resultant communities are artificial dump¬ 
ings of what appears to be a complex overlap¬ 
ping of species distributions, but they aid in 
condensing the information. 

The communities described below are named 
on the basis of the most distinctive species found 
at the group of sites. The species do not usually 
occur solely in that community, nor are they 
found in all constituent sites. The temperature 
range is derived from measurements taken at the 
time of sampling and so is likely to be narrower 
than the real range (the Cladophora/Stigeo - 
clonium and Nothocladus Communities occur at 
sites which were more intensively studied and 
arc likely to have a more realistic temperature 
range). The species frequency is the average 
number of species found per site. 


Fig. 19. A, Dendrogram of sites using MJAC and SAHN communities: Cladophora/Stigeoclonium (•), 
Cladophora (a), Vaucheria (■), Stigeoclonium (y), Mixture (♦), Batrachospermum keratophytum (o), 
Scytonema/Klebsormidium (A), Nothocladus {a), Ocdogonium (Medium-Filament Group) (V), Schizothrixfriesii 
(0), no macroalgac (X). B, Distribution of these groups in the Yarra River basin. 
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The communities are described in approxi¬ 
mate order from those occurring in polluted 
habitats to those in pristine habitats. 

Cladophora/Stigeoclonium Community 

Sites 1, 2, 12, 13, 23, 55, 56, 57, 59, 84, 86, 
87. 

Species frequency: 2.8; water temperature ranee: 
7-25°C. 

Polluted, lowland (altitude less than 150m), 
urban creeks are dominated by Cladophora 
glomerata in summer and Stigeoclonium spp. in 
winter (Entwisle 1989a). The water is alkaline 
and hard (Victoria, EPA 1982) and, in January 
1988 (sites 12, 13, 55 measured twice in conse¬ 
cutive weeks), pH ranged from 7.7-8.0 and con¬ 
ductivity from 630-2160 pS/cm (site 13, 
however, only ranged from 630-930 pS/cm). 
Few other species grow in these habitats. Kleb- 
sormidium rivulare may be present in winter, on 
exposed rocks or just submerged. The red alga 
Compsopogon coeruleus was found extensively 
in Darebin and Mcrri Creeks in 1981 (Entwisle 
& Kraft 1984) but was not found in 1986-87 
during the current study. 

This community is also found in urban catch¬ 
ments outside of metropolitan Melbourne (e.g. 
Yarrawee and Latrobe Rivers). 

Cladophora Community 

Sites 10, 11, 58, 85, 89, 90, 91, 98, 100, 118. 

Species frequency: 3.4; water temperature range: 
12-20°C. 

Although similar to the Cladophora/Stigeoclo¬ 
nium community, most of these sites have no 
Stigeoclonium spp. A number of additional dis¬ 
tinctive species are present, however, namely 
Audouinella hermannii and Vaucheria spp. All 
sites occur in the lower reaches of the Yarra 
River where there is reasonably heavy urban 
pollution. Stigeoclonium spp. can generally 
tolerate higher levels of organic and metal pol¬ 
lutants (Blum 1957, McLean 1974) than Clad¬ 
ophora and thrive in heavily polluted streams, 
but in the Yarra River basin they also grow in 
more oligotrophic waters than Cladophora. 
Undoubtedly there exists a gradient of eutrophi¬ 
cation in polluted sites, and the Cladophora/ 
Stigeoclonium and Cladophora communities 
include habitats from opposite ends of this 
gradient as well as intermediate sites. The lower 
Yarra River (sites 98, 100), for example, has 
lower nutrients than the urban tributaries 


flowing into it (Victoria, EPA 1983). Cladophora 
can grow in water with low nutrients, but high 
pH or “hardness” is generally required (Marker 
& Close 1982). 

In other catchments, there are similar gradi¬ 
ents from the Cladophora/Stigeoclonium com¬ 
munity to a more species rich flora. In the 
Yarrawee River, for example, the high nitrogen 
and phosphorus loading of the Ballarat Sewage 
Plant effluent (and probably some farmland 
runoff) allows Cladophora and Stigeoclonium to 
dominate the river. About 25 km from this 
input, however, Spirogyroideae (Elongate-Cell 
Group) becomes a co-dominant, and other 
genera (e.g. Palmellopsis) are found in small 
quantities. 

Vaucheria Community 

Sites 3, 4, 7, 9, 15, 17, 22, 37, 42, 43, 96, 101. 

Species frequency: 3.8; water temperature range: 
10-14°C. 

Vaucheria , usually V. bursata , grows in slow- 
flowing parts of streams. Although it is found on 
muddy riverbanks throughout the catchment, it 
is seldom truly aquatic (Entwisle 1988). Most 
sites seem to have some nutrient input, but agri¬ 
cultural rather than industrial or urban runoff. 
Various species grow with Vaucheria , Spiro¬ 
gyroideae (Medium-Filament Group) and 
Stigeoclonium spp. being the most common. 

Stigeoclonium Community 

Sites 29, 61, 80, 103, 104, 107, 108, 109, 111, 
112, 114. 

Species frequency: 2.1; water temperature range: 
9-14°C. 

Upland streams (altitude greater than 300 m) 
with some disturbance are often dominated by 
Stigeoclonium spp. Few other species are found 
in these sites, but those that are, e.g. Nothocladus 
lindaueri, Batrachospermum keratophytum, 
Sirodotia suecica and Mougeotioideac spp., are 
typical of oligotrophic waters. Most of the sites 
in this group are small experimental weirs in the 
Maroondah catchment. The water at these sites 
is acidic and of fairly high quality (pH 5.9-6.7 
and EC 73-111 pS/cm at sites 103, 104, 107- 
109, 111, 112, 114 in March 1988), even 
following experimental logging in catchments 
(Langford & CTShaughnessy 1977), but the con¬ 
crete substratum is swept weekly with a broom 
and the sediment on the weir disturbed. The 
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algae are probably distributed on brooms and 
the boots of personnel. 

Biggs Sl Price (1987) found Stigeoclonium to 
be typical of low conductive streams similar to 
the habitats included in this and the following 
community. Measurements taken at sites 107 
and 116 showed relatively low levels of Ca (5.4- 
7.2 mg/L) and Mg (0.6 mg/L). 

Scytonema hofmannii/Klebsormidium rivulare 
Community 

Sites 65, 71, 73, 34, 36, 45, 47, 69, 70 

Species frequencv: 2.3; water temperature range: 
6-14°C. 

Few species other than S. hofmannii and K. rivu¬ 
lare were found at these sites (Ulotrichaceae 
indet. has been omitted since many records may 
refer to Klebsormidium anyway). Some addi¬ 
tional species were typical of slightly eutrophic 
water, e.g. Vaucheria spp., and others of oligo- 
trophic mountain streams, e.g. Nothocladus lin- 
daueri and Batrachospermum keratophytum. 
The widespread Schizothrix friesii was found in 
half the sites. All sites were in upland creeks and 
rivers (altitude greater than 600 m), most of 
which flow through naturally forested land. This 
community is closely related to the B. keratophy¬ 
tum and Nothocladus Communities, and the 
separation of these three communities on eco¬ 
logical grounds requires further study. 

Schizothrix friesii Community 
Sites 30, 33, 49, 77, 92. 

Species frequency: 1.8; water temperature range: 
10-15°C. 

This community is representative of species- 
poor sites in warmer, little shaded creeks. The 
dominant species is S. friesii. with either Drap- 
arnaldia mutabilis, Palmellopsis gelatinosa or 
Loefgrenia anomala. S. friesii is found through¬ 
out the Yarra River basin and cannot be char¬ 
acterised ecologically (it may include a number 
of ecophenes). These sites may be individualis¬ 
tic; Coranderrk Creek at Healesville (Site 33), 
for example, had an extensive bloom of P. gel¬ 
atinosa, a species found in only small quantities 
elsewhere (except occasionally in the Notho¬ 
cladus Community). 

Oedogonium (Medium-Filament Group) Com¬ 
munity 

Sites 67, 75, 81, 82, 1 13, 116. 


Species frequency: 2.7; water temperature range: 
9-12°C. 

Oedogonium (Medium-Filament Group) is the 
only taxon found in all sites in this group but 
other species, e.g. Batrachospermum keratophy¬ 
tum, Nothocladus lindaueri and Parallela novae- 
zelandiae, are typical of these oligotrophic 
mountain streams. This community has close 
species affinities with the Nothocladus Commu¬ 
nity but is poorer in species and seems to be 
restricted to smaller shaded streams in upland 
areas (altitude greater than 300 m). 

Nothocladus Community 

Sites 16, 18, 19, 20, 21,24,25, 26, 28, 39,44, 52, 
72, 74, 76, 78, 83, 88. 

Species frequency: 7.5; water temperature range: 
6-19°C. 

The sites dominated by Nothocladus nodosus, N. 
lindaueri and Batrachospermum gelatinosum 
are generally species rich. They occur in the 
larger creeks and rivers, generally where the 
canopy has been opened up. There is usually 
some nutrient input but water quality is gener¬ 
ally fairly high (Victoria, EPA 1983). The Yarra 
River at Warrandyte (Site 16) has none of the 
dominant species and represents the more pol¬ 
luted extent of this community. It is a site inter¬ 
mediate between the lower and upper reaches of 
the Yarra River (see below). Sites 26, 28, 78, 83, 
88 (measured January 1988) have 11.4-21.0 
mg/L Ca and 0.6-1.2 mg/L Mg, pH ranging from 
6.4 (site 26) to 8.0 (site 83), and conductivity 
from 82 jiS/cm (site 78) to 109 p.S/cm (site 
28). 

Batrachospermum keratophytum Community 
Sites 14, 40, 53, 60, 63, 64, 66, 68, 105. 

Species frequency: 3.3; water temperature range: 

6- 12°C. 

Many of the upland (altitude mostly greater than 
600 m), shaded, cool-water creeks are domi¬ 
nated by B. keratophytum. Batrachospermum 
gelatinosum, Scytonema hofmannii and Loef¬ 
grenia anomala are also common. Most of these 
sites have been little disturbed. 

Other communities 

Sites 8, 27,31,32, 38, 41,46, 48, 50, 51, 54, 62, 
79, 106, 115, 117. 

Species frequency: 3.8; water temperature range 

7- 19°C. 
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There are no suitable distinguishing species for 
these sites which include a wide range of species 
and habitats. Mougeotioideae spp., Oedogo- 
nium spp., Klebsortnidium rivulare and Drapar- 
naldia mutabilis are the most common species 
found. Most sites arc in naturally forested areas, 
although the Plenty River at Memda (site 32) 
and Dixons Creek at Yarra Glen (site 48) are 
exceptions. 

Running Creek, Kinglake National Park (site 
117) is an interesting site in that it represents one 
of the few nort hern tributaries that are little dis¬ 
turbed. The EPA (pers. comm.) found that 
CaC03 was high (570-730 mg/L) downstream 
of the collection site. This is contrary to most 
tributaries in forested areas, where the water is 
much softer. At site 117, however, calcium and 
magnesium levels were not particularly high (Ca 
8.0 mg/L, Mg 1.2 mg/L). The species recorded, 
Batrachospermum atrum and Chaetophora 
elegans, are generally indicative of hard water 
overseas (Israelson 1942, Blum 1957). In Jan¬ 
uary 1988 the pH was 6.3 and the EC was 157 
pS/cm, the latter figure being relatively high for 
the upper parts of the catchment. 

Sites with Batrachospermum gelatinosum and 
Nothocladus spp. (sites 46, 51,62, 79, 106) may 
be better included in the Nothocladus or B. ker- 
atophytum Communities. Starvation Creek (site 
31) had extensive growths of Spirogyroideae 
(Elongate-Cell Group) in winter, similar to those 
found in McMahons Creek. The latter is 
included in the Nothocladus Community 
because it had a far greater range of species in 
summer. Both streams have upstream distur¬ 


bances caused by forestry and water diversion. 
As with all sites in this “community”, further 
work is needed to classify them adequately. 

No macroalgae 

Sites 5, 6, 93, 94, 95, 97, 99, 102, 110. 

Water temperature range: 9-14°C. 

These sites are mainly in large, turbid stretches 
of the Yarra River with no suitable substrata for 
macroalgae, or in small intermittent streams. It 
is probable that minimal growth of macroalgae 
would be found in such sites even under the right 
conditions. Many small tributaries in forests 
with a dense canopy also support little or no 
macroalgae but few of these sites were sampled. 

Yarra River gradient 

The relationship between species distributions 
and eutrophication levels in the Yarra River 
itself reflect the trends in the catchment as a 
whole. The important changes in species compo¬ 
sition in the Yarra River are given in Table 6. 
Sites 100,98 and 96 are in the eutrophic group of 
sites described above; sites 16, 25, 83, 78, 26, 27 
and 62 are intermediate; and sites 60 and 63 are 
in the oligotrophic group. 

Cladophora is almost restricted to areas of 
urban pollution (although it was also found in 
the Plenty River at Morang South, site 91) where 
it usually grows in association with Stigeoclon- 
ium. There is a transitional area at Lower Plenty 
(site 98) where Scytonema hofmatmii and Clad¬ 
ophora are found. There is another transitional 


Site: 100 98 16 96 25 83 78 26 27 62 60 63 


Cladophora 
- Audouinella -* 

- Stigeoclonium - 

- Scytonema hofmannii - 

- Schizothrix friesii - 

-Batrachospcrmaceae- 

- Loefgrenia - 

- Draparnaldia — 


NH 3 : 

0.22 

0.07 

0.6 

0.03 

0.02 

0.01 

N0 3 : 

0.83 

0.58 

0.54 

0.39 

0.23 

0.09 

P: 

0.26 

0.18 

0.16 

0.07 

0.09 

0.05 


* Although missing at one or two sites, it is presumed that intensive collection would show the presence of the 
species throughout the range given. Audouinella was not found between sites 100 and 16 (Dights Falls and 
Warrandyte respectively) in this study but has previously been found in the Yarra River at Eltham. 


Table 6. Variation in species composition in riffle sites on Yarra River from Dights Falls (site 100) to Upper 
Yarra catchment (sites 62, 60, 63). Chemical data in mg/L, from MMBW in Campbell et al. 1982. 
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area near Warburton (sites 25, 83, 78, 26) 
where Batrachospermaceae and Loefgrenia 
first appear but Stigeoclonium is also present. 
Nutrient levels here are apparently high enough 
to support some pollution- tolerant algae but not 
so high as to inhibit clean-water species (if the 
latter are in fact inhibited by high nutrient levels 
rather than by competition from other species or 
by sensitivy to metals, etc.). Although predomi¬ 
nant in pristine mountain creeks, Scytonema 
hofmannii occurs almost throughout the fresh¬ 
water parts of the Yarra River. 

Overseas studies 

In both Europe and North America most 
streams seem to support genera similar to those 
in the Yarra River basin, and light, temperature, 
pH/hardness and eutrophication are everwhere 
important limiting factors for macroalgae. Most 
of the overseas studies on macroalgal ecology are 
from higher latitudes than the Yarra River, so 
that temperatures are lower and snow and snow¬ 
melts are important factors. Many northern 
hemisphere catchments also have “harder”, 
more alkaline natural waters. 

Israelson (1942, 1949) proposed the first eco¬ 
logical classification of streams based solely on 
macroalgae. He divided the streams of Scandi¬ 
navia into the “ Vaucheria Type” in eutrophic 
waters, and the “ Zygnema Type” in oligotro- 
phic waters. Whilst this division is apparent in 
the present analyses of both sites and strata, 
there are also habitats in the Yarra River basin 
that are obviously intermediate. The most 
eutrophic portions of streams in the Yarra River 
basin are dominated by Cladophora, Stigeoclon¬ 
ium and Vaucheria. The oligotrophic sites are 
dominated by Nothocladus spp., Batrachosper- 
mum gelatinosum, B. keratophytum, Loefgrenia 
anomala and Scytonema hofmannii. As in the 
Scandinavian streams, the last group of sites can 
be subdivided into those with Batrachosperma¬ 
ceae and those without. There are also sites in 
the Yarra River basin which include species 
from both of these groups. Other sites, appar¬ 
ently intermediate in terms of eutrophication, 
are dominated by Palmellopsis or Schizothrix 
friesii. 

There are other minor differences between the 
findings of Israelson (1949) and those of the 
present study. Israelson included Draparnaldia 
in the Vaucheria/z utrophic type, but in the 
Yarra River basin Draparnaldia is often found 
with Batrachospermaceae in sites of an inter¬ 
mediate nature. Batrachospermum boryanum is 


also included in this intermediate group of sites 
in the Yarra River basin. Zygnemataceae in the 
Yarra River basin do not seem to be sufficiently 
common or sufficiently restricted in distri¬ 
bution to be used for classification, although the 
intermediate sites are notable for their greater 
number of Zygnemataceae species. Environ¬ 
mental factors other than those measured or 
estimated may be linked with the distribution of 
this group of algae. 

Johansson (1982) characterised certain 
stream types in Sweden by macroalgae. Of the 
species occurring commonly in the Yarra River 
basin, Johansson mentioned Cladophora glom- 
erata and Vaucheria spp. in low altitude streams 
with high pH, conductivity and calcium; Bat¬ 
rachospermum gelatinosum (= B. monilijormeof 
Johansson) in shaded, lowland streams with 
brown water; and B. gelatinosum and Vaucheria 
spp. in small cold streams. Various Zygnema¬ 
taceae were also associated with these species. In 
the Yarra River basin Johansson’s first two 
groups occur in similar habitats but the third 
group is more typical of larger intermediate 
streams. In the small, cold streams running into 
the Yarra River, Batrachospermum keratophy¬ 
tum and Scytonema hofmannii are most com¬ 
mon. Johansson found an Anomoeonsis-Tolypo- 
Z/zr/A community in similar high altitude streams 
(Tolypothrix is a cyanophyte referred to Scyto¬ 
nema by Drouet 1973). There is no apparent 
reason (such as high nitrate levels) for the pre¬ 
dominance of a non-heterocyst ecophene of 
Scytonema hofmannii in the oligotrophic parts 
of the Yarra River basin. As in the present study, 
vegetative groups of Oedogonium were found by 
Johansson to occur in many habitats and proved 
to be of little value in classification. 

In Alaska, temperate/sub-arctic streams at a 
similar latitude to those in Scandinavia are 
dominated by Hydrurus foetidus (Villars) Trevi- 
san or Phormidium retzii (C. Agardh) Gomont, 
depending on stream size and temperature 
(Sheath et al. 1986b). In more temperate regions 
of North America Hydrurus is less important, 
but there is generally a dominant cyanophyte in 
at least some streams. The Saline River of the 
United States, intensively studied by Blum 
(1957), is primarily alkaline and calcareous (as 
are the streams studied by Johansson), and the 
Phormidium-Schizothrix-Audouinella commu¬ 
nity is distinctive in unpolluted portions (the 
Schizothrix mentioned by Blum 1957 is tufty 
like Scytonema hofmannii). 

Several of the stream communities recognised 
by Dillard (1969) in North Carolina are found in 
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the Yarra River basin. The “ Spirogyra/Oedo- 
gonium community” found in spring/summer is 
common in the intermediate and some oligo- 
trophic streams in well-lit riffles. The “ Phor - 
midium Aufwuchs” found in spring may be 
equivalent to the mats of Schizothrix friesii so 
common in the Yarra River basin. Dillard found 
that these mats are replaced by Batracho- 
spermum sirodotii in early summer. In the Yarra 
River basin, B . gelatinosum and Nothocladus 
spp. are dominant in the warmer months. “ Van- 
cheria Aufwuchs” were found in slower parts of 
rivers in North Carolina, as they were in the 
Yarra River. These and most of the other com¬ 
munities mentioned by Dillard (1969) are typi¬ 
cal of the intermediate stretches of the Yarra 
River basin. 

Most of the macroalgal genera found in the 
softwater, acid streams of Rhode Island (Sheath 
et al. 1986a, Sheath & Burkholder 1985) also 
occur in the Yarra River basin. The pH (effect¬ 
ing the carbon dioxide/carbonate balance) was 
considered by Sheath & Burkholder (1985) to be 
a key influence on algal distribution. Seasonal 
abundance was related to irradiance, primarily 
due to the development of a canopy over the 
stream. In the mountain streams of the Yarra 
River basin the canopy is largely evergreen, and 
seasonal effects seem to be due mostly to tem¬ 
perature rather than irradiance or photoper¬ 
iod. 

The groupings of New Zealand streams by 
Biggs & Price (1987) separate the polluted 
stretches dominated by Cladophora glomerata 
from the less eutrophic stretches dominated by 
other green algal genera such as Ulothrix, Spi- 
rogyra and Stigeoclonium. Few red algae were 
recorded, perhaps because they did not form the 
large proliferations that were the topic of Biggs & 
Price’s paper. 

Value of ecological groupings. 

As with all stream organisms, the ecology of 
macroalgae seems to differ from that of neigh¬ 
bouring terrestrial inhabitants. In most cases 
there is little value in talking of succession or 
climaxes; competition for substratum and space 
does occur but there is no unidirectional change 
in the composition of the flora. It seems better to 
talk of something like a “latent flora” which pro¬ 
vides the basis for the flora observed at any one 
time and in any one micro-habitat. Environ¬ 
mental factors effect the composition of this 
“latent flora” and also the extend to which it is 
expressed as visible biomass. Many macroalgae 


are maintained through seasons not suitable for 
growth by small patches of filaments and/or 
spores. The complex interaction of chemical and 
physical parameters in a stream leads to a visibly 
expressed flora which is stochastic in any prac¬ 
tical sense: floods, in particular, play a very 
important role in the amount of biomass pro¬ 
duced (Tett et al. 1978; Tominga & Ichimura 
1966). 

It should be possible, however, to predict a 
likely or probable flora in most stretches of any 
given river. That is, at some places in a particu¬ 
lar river habitat, certain species are more likely 
to be growing at certain times of the year or 
following certain events than other species. The 
converse is also true: the presence of certain spe¬ 
cies in some quantity can suggest certain prob¬ 
able environmental events or parameters. At our 
present level of understanding of the Yarra 
River system, such predictions are only possible 
in very uniform environments such as the pol¬ 
luted urban creeks. 

CONCLUSIONS 

The Yarra River basin includes mostly clean, 
acidic streams which become more polluted 
(nutrient rich, harder and more alkaline) as they 
flow through or meet streams from agricultural 
and urban regions. Even in the most polluted 
reaches, Cladophora glomerata , a species not 
tolerant of high metal pollution, is found. Stigeo¬ 
clonium spp. are common in strongly or mildly 
enriched streams but not in large masses, except 
in urban creeks in winter. In the acidic, shaded, 
clear streams few species are found but the 
Batrachospermaceae usually appear when the 
canopy is not too dense. Associated with the 
Batrachospermaceae are Scytonema hofmannii, 
Loefgrenia anomala , and Parallela novae-zelan- 
diae. 

Mountain streams with some nutrient input 
may be dominated seasonally by Spirogyra 
(autumn/winter) or, more rarely, by Palmellop - 
sis (spring/autumn). Vaucheria occurs both in 
sites with intermediate levels of eutrophication, 
together with Batrachospermaceae and other 
“clean-water” species, and in small agricultu¬ 
rally polluted creeks. Oedogonium (Medium- 
Filament Group) and Draparnaldia are also taxa 
which occur commonly in intermediate to clean 
stretches of river. Species richness is greatest in 
intermediate, broad stretches of the Yarra River 
and minimal in polluted urban streams and pris¬ 
tine mountain streams. This trend is paralleled 
in studies of physically disturbed environments, 
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where species richness is higher after “inter¬ 
mediate” disturbance (Connell 1978). The 
phenology and distribution of macroalgae in the 
species-rich stretches of the Yarra River near 
Warburton and the species-poor creeks in the 
upper part of the catchment are presently under 
examination. 

There are many avenues for further study into 
the ecology of freshwater macroalgae in Aus¬ 
tralian streams; e.g. an analysis of the limits of 
Stigeoclonium distribution; the phenology of 
macroalgae in pristine mountain streams with 
Scytonema hofmannii , and their tolerance to 
disturbance; the distribution and autoecology of 
5 1 . friesii (which may contain a number of eco- 
phenes); intensive study of the life histories and 
distributions of Nothocladus species and Bat- 
rachospermum keratophytum\ and studies into 
the more restricted taxa (such as B. boryanum 
and species of Sirodotia, Porphyrosiphon, Arth- 
rospira and Audouinella) to determine if and 
why they are limited to certain areas. In addi¬ 
tion, there is great potential for extensive com¬ 
parisons between the Yarra River basin and 
other Victorian basins that are exposed to dif¬ 
ferent sorts of influences (e.g. Acheron and 
Latrobe Rivers). 

The water quality objectives for the Yarra 
River system include the absence of “excessive 
or nuisance growth of aquatic plants” (State 
Environmental Protection Policy, W-29). Such 
growths occur in urban creeks in summer and in 
some altered mountain streams (such as Star¬ 
vation and McMahons Creeks) in autumn and 
winter. In both cases the algal growths could re¬ 
strict some of the beneficial uses of streams, such 
as fishing, recreation and ecosystem protection. 
In most other areas macroalgae do not presently 
form “nuisance” growths. 
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RELATIONSHIPS BETWEEN HEATH AND LEPTOSPERMUMLAEVIGATUM 
SCRUB AT SANDRINGHAM, VICTORIA 

Cathy D. Molnar , 1 Daintry Fletcher 2 and R. F. Parsons 1 

‘Botany Department, La Trobe University, Bundoora, Victoria 3083. 

2 20 Alban Street, Tarec, New South Wales 2430. 

Molnar, C.D., Fletcher, D. & Parsons, R.F., 1989:10:30. Relationships between heath 
and Leptospermum laevigatum scrub at Sandringham, Victoria. Proceedings of the 
Royal Society of Victoria 101: 77-87. ISSN 0035-9211. 

Regeneration of vegetation following burning was studied at 5 sites on 2 small urban 
reserves at Sandringham, Victoria. These reserves were covered before colonial settlement 
with Casuarina pusilla-Leptospermum my rsi no ides heath but parts had since been invaded 
and dominated by L. laevigatum , producing a species-poor scrub. Burning of the scrub 
dramatically increased the number of native species present, largely by causing germination 
of soil-stored seed. With appropriate weeding, especially in the first six months post-fire, a 
significant subset of the original heath vegetation can be returned to such sites by burning, 
even in the absence of an adjacent heath seed source. 

A soil seed bank experiment demonstrated germination enhancement by heat for Epa- 
cridaccac, Isolepis and Olearia ramulosa . The last is an important post-fire pioneer which 
appears to suppress regeneration of some other native species. 

Contrary to some previous views, fruits and seeds are not retained on Leptospermum 
laevigatum for a number of years. In this area, seed shed may be almost complete by late 
spring-early summer of the year following spring flowering, and most fruits also fall within a 
year. As soil storage of seeds is minimal, spring fires may cause lower densities of L. lae¬ 
vigatum seedling regeneration than summer-autumn ones, when burning can release much 
ripe seed. 

L. laevigatum can invade various heaths, woodlands and scrub in the absence of fire or 
obvious disturbance. Some management recommendations are made for areas where it is 
intended to bum sites now dominated by L. laevigatum scrub in order to re-establish heath 
species. 


IN VICTORIA, well-drained coastal sands com¬ 
monly carry Leptospermum laevigatum scrub 
a nd, landward of this, Casuarina pusilla-L. 
tpyrsinoides heath. In some areas these commu¬ 
nities may be serai and climax respectively. In 
the last 50 years, however, L. laevigatum has 
jpvaded such heaths in a number of places, often 
forming a closed scrub and eliminating them 
(purrell 1981). Little is known of the role of fire 
regime either in causing such changes or in 
reversing them. Here, we examine this subject 
especially by investigating two heath sites which 
have been invaded, converted to scrub and then 
burnt in fires lit by vandals. 

THE STUDY AREAS 

The areas are 0.5 km apart in the suburb of 
Sandringham, 15 km south-east of central Mel¬ 
bourne where climate is the humid mild-winter 
(Cfb) Koppen type with cool summers and an 
evenly distributed rainfall (Dick 1975) averag¬ 
ing 725 mm per year. At all sites sampled, the 
soils are deep siliceous sands without impeding 
layers to at least 2.5 m. 


Bay Road Heathland Sanctuary and George 
Street Reserve together provided three burnt 
and two unbumt sites; all carried heath before 
colonial settlement (Table 1). All aerial plant 
parts were killed in the burnt areas. At George 
Street all fire-killed L. laevigatum stems were cut 
down, some removed and some piled up and 
burnt on site. 

Post-fire hand weeding was applied to Acacia 
saligna, Arctotheca calendula, Phytolacca octan- 
dra and alien grasses (especially Ehrharta erecta) 
at Bay Road, to Chrysanthemoides monilifera, 
Hypochoeris spp. and Muehlenbeckia adpressa 
at George Street and to Acacia sophorae, 
Chamaecytisus proliferus and Leptospermum 
laevigatum seedlings at both sites. 

Heath was sampled at Bay Road as the only 
available guide to the vegetation at the four main 
sites (Table 1) before colonial settlement. 

METHODS 
Standing vegetation 

Sampling was associated with two different pro¬ 
jects. Initially, one of us (DF) set up and sampled 
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Site 

Pre-fire vegetation 

Date of fire 

Post-fire treatment 

Notes* 

RLU 

Leptospermum laevigatum 

Unburnt 

None 

Site has been dominated by 


scrub 



L. laevigatum for about 50 
yrs 

RLB 

As above 

January 1985 

Removal of some alien 
plant species (sec text) and 
of some seedling L. 
laevigatum and Acacia 
sophorae 

As above 

RHB 

Casuarina pusilla-L. 

January 1985 

Removal of some alien 



myrsinoides heath 


plant species (see text) 


GLU 

L. laevigatum scrub 

Unburnt 

None 

Site has been dominated by 
L. laevigatum for about 70 





yrs 

GLB 

As above 

October 1984 

Removal of some alien 
plant species and of some 
seedling L. laevigatum and 
A. sophorae 

As above 

♦Based on aerial photographs, historical records and residents’ recollections. 



Table 1. Characteristics of the five sites studied; all originally carried heath. R = Bay Road Heathland Sanctuary; 
G = George Street Reserve; L = Leptospermum laevigatum scrub; H = Casuarina pusilla-L. myrsinoides heath; 
U = unburnt; B = burnt. 


single 10 x 10 m permanent quadrats at sites 
RLB and RHB at 3, 12 and 20 months post-fire 
and at GLB at 15 and 23 months post-fire (see 
Table 1 for details of sites). The Braun-Blanquet 
cover-abundance scale (Mueller-Dombois & 
Ellenberg 1974) was used except that scale value 
2 = 5-20% cover, 3 = 20-50% and 4 = 50- 
75%. 

Subsequently, 29 to 32 months post-fire 
(Table 2), CDM and RFP sampled cover at all 
five sites using 30 m line-intercepts (Hanes 
1971). The small size of sites restricted replicates 
to two per site and meant that each 30 m repli¬ 
cate had to be broken into six 5 m lines. Plants 
with an intercept length of less than 10 mm were 
arbitrarily assigned a length of 2 mm; other 
intercept methods follow Hanes (1971). The 
intercept lengths were then converted to the 
above cover scale values to allow comparison 
with the initial samplings (Table 2). 

The final samplings, in June 1987, will have 
underestimated some annual and seasonal per¬ 
ennials. Nomenclature for vegetation follows 
Specht (1970), for plant species follows Forbes & 
Ross (1988) and for post-fire regeneration 
modes follows Naveh (1975). 

Soil seed bank 

Four replicate soil cores (75 mm diameter) to 
100 mm deep from each site were collected and 
sieved (4 mm sieve). Half of each replicate was 


exposed to aerated steam in a soil-steam steril¬ 
izer (sec Warcup 1980) so that soil temperature 
reached about 60°C. Whereas duration at this 
temperature was 30 minutes on the surface of 
each sample, it was much less than this in the 
centre of each. Both heated and untreated soils 
were spread to 10 mm depth over 15 mm deep 
Perlite in drained 280 x 340 mm plastic trays. 

All trays were watered as required from 18 
May to 5 October 1987 in a partially heated 
glasshouse. Seedlings were identified and dis¬ 
carded or transplanted and grown on until iden¬ 
tifiable. After three months, all soils were stirred 
to encourage further germination. Control trays 
failed to detect any glasshouse seed contamina¬ 
tion. 

Leptospermum laevigatum reproduction 

Regeneration was quantified by density meas¬ 
urements at all sites in August 1987. General 
observations were made of seed and fruit fall 
over an eight year period. Viable seed was esti¬ 
mated from squash tests. 

RESULTS 
Standing vegetation 

At site RLB three months after fire, the most 
common species, Bossiaea cinerea , occurred 
with nine alien and five native species (Table 2). 
Dense Olearia ramulosa was predominant by 12 
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gatum and dense regeneration of Olearia ranndosa 1.6 
m high (from seed). 

months and remained so throughout the rest of 
the study, becoming 1.5 m high. Acaciasophorae 
and Leptospermum laevigatum became com¬ 
mon from three to 12 months along with B. 
cinerea. In this period, the aliens Chamaecytisus 
proliferus and Phytolacca octandra were weeded 
back from cover value 4 to cover value 1. Species 
richness reached a maximum of 15 alien species 


and 30 natives. Over the succeeding 17 months, 
O. ramulosa became taller and with higher cover 
values while native species richness declined 
rapidly to 11 species (Table 2). 

Unlike site RLB, vigorous rootstock regener¬ 
ation of shrubs occurred (at the nearby burnt 
heath site, RHB). O. ramulosa cover values 
never exceeded 3 and native species richness 
declined only slightly (from 34 to 30) in the 
period from 12 months to 29 months after fire 
(Table 2). 

At site GLB 15 months post-fire, the most 
common species were Isolepis nodosa and Aca¬ 
cia sophorae. The aliens Chrysanthemoides 
monilifera, Chamaecytisus proliferus and Hypo- 
choeris spp. had already been weeded back from 
2 to +, + and 1 respectively (+ = few, with small 
cover). By 23 months, Isolepis nodosa had dis¬ 
appeared and A. sophorae had been weeded back 
to a cover of+. Native species richness reached a 
maximum of 29 species. In the period from 23 to 
32 months, Bossiaea cinerea predominated. 
Lepidosperma concavum was also common as 
were two prostrate perennials more typical of 
early serai stages in coastal dune successions, the 
native Muehlenheckia adpressa and the alien 
Carpobrotus edulis. 



Eig. 2. Site GLB in August 1987,35 months post-fire, showing heath 1.2 m high. Prominent species in foreground 
include Olearia ramulosa, Acacia sophorae and Bossiaea cinerea. Unburnt Leptospermum laevigatum scrub 7 m 
high in background previously dominated whole area. 
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Table 2. Mode of regeneration, cover values (at four intervals since fire) and soil seed bank at five sites; * = alien species; + before generic name = species 
reduced by weeding; # = recorded outside quadrats; ? = unknown; OS = obligate seedling regenerator; FR = facultative resprouter; OR = obligate resprouter; 
seedbank values in parentheses indicate seedlings that could only be determined to genus. 
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The percentage of alien species at sites RLB, 
RHB and GLB was 21,6 and 11 respectively. 

Olearia ramulosa plants first flowered in their 
second spring post-fire; Acianthus exsertus 
flowered profusely in the first flowering season 
following the fire. 

The unburnt scrub sites, RLU and GLU, had 
Leptospermum laevigatum cover values of 5 and 
very few other species. The only native species, 
recorded occasionally, were Pteridium esculen- 
tum, Acacia sophorae and Bossiaea cinerea. 

Soil seed bank 

Because of low seedling numbers and lack of 
clear differences between heated and unheated 
treatments for many species, most data were 
bulked across treatments (Table 2). A heat effect 
was clear, however, for three species (Table 3). 

Of the total number of species recorded in 
both the standing vegetation and seed bank, 7% 
occurred only in the seed bank, 56% only in the 
vegetation and 37% in both. The larger number 
of species recorded in unburnt than burnt sites 
(Table 2) is presumably related to seed bank 
depletion due to fire encouraging germination of 
some species and possibly also destroying some 
seed. 


Leptospermum laevigatum reproduction 

Leptospermum laevigatum post-fire densities 
(plants/m 2 ) for the five sites were RLB 13.7, 
RLU 0.2, RHB 1.5, GLB 0.8 and GLU 0.3. Des¬ 
pite the small amount of L. laevigatum weeding 
in the first year post-fire at RLB and GLB, the 
most striking point is the much higher density at 
RLB than at any other site including the other 
burnt L. laevigatum stand (GLB). 

Mean number of viable seeds per 1986 fruit 
was 20. 


DISCUSSION 
Standing vegetation 

About 79% of the native RHB species have the 
ability to resprout after fire, a similar percentage 
to that found by Purdie (1977) and McMahon 
(1984). By contrast, only 53% and 51% of native 
species were resprouters at RLB and GLB re¬ 
spectively (Table 4). A significant number of 
native species at RHB, especially obligate re¬ 
sprouters, do not occur at RLB and GLB post¬ 
fire (Tables 2 & 4). Of all the native species re¬ 
corded at RHB, 69% were recorded at least once 
at RLB or GLB. 


Soil seed bank (mean number of viable seeds/m 2 to 
100 mm depth) 

Sites RLB RHB GLB RLU GLU 

Heated Unheated Heated Unheated Heated Unheated Heated Unheated Heated Unheated 


Taxa 

Isolepis nodosa 

870 

210 

30 


9980 

2000 

180 

240 

1210 

710 

Olearia ramulosa 

180 

— 

450 

— 

— 

— 

550 

110 

80 

130 

Epacris impressa/ 
Leucopogon virgatus 

— 

— 

130 

— 

— 

— 

— 

— 

50 

— 


Table 3. Seed bank values for heated and unheated soils from five sites for three plant taxa. 


Site 


Obligate seedling 
regenerators 
Number Percent 


^ 4 ALI . . . Total Number of 

Facultative resprouters Obligate resprouters .._• „ .• 

K k native species native species 

Number Percent Number Percent (all samplings) June 1987) 


RHB 

9 

21 

20 

48 

13 

31 

42 

26 

RLB 

18 

47 

16 

42 

4 

11 

38 

11 

GLB 

18 

49 

15 

40 

4 

11 

37 

24 


Table 4. Modes of post-fire regeneration for native plant species from three sites (excluding four species of 
unknown regeneration mode). 
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It is clear that a significant subset of the ori¬ 
ginal heath vegetation can return to such sites 
after burning, even after 70 or so years of Lep- 
tospermum laevigatum dominance and even in 
the absence of an adjacent heath seed source, as 
at George Street. There, no regeneration occur¬ 
red of the three most dominant shrubs of heath 
in the area, Casuarina pusilla, Leptospermum 
myrsinoides and Banksia marginata , while the 
adjacent heath seed source at Bay Road meant 
that seedlings of all three occurred in site RLB 
post-fire. 

As usual, some short-lived obligate seedling 
regenerators normally only found post-fire were 
recorded (“post-fire pioneers’"). .These were 
Xanthosia pusilla (see also Russell & Parsons 
1978, Wark et al. 1987) and Olearia ramulosa. 
Even though O. ramulosa seems not to be nor¬ 
mally recorded in heath sites (Jessop & Toelken 
1986. A. McMahon pers. comm.), it strongly 
dominated site RLB, possibly arising from seeds 
from live old plants 10 m away. A close analogue 
to the behaviour of O. ramulosa is that of the 
composite Ixodia achilleoides which dominates 
shrubby forest understories in the Mount Lofty 
Ranges for 3-4 years after fire. It too grows 
much faster than Leptospermum myrsinoides 
and is strongly dominant before senescing and 
disappearing (Wood 1937). 

An important management problem at RLB 
and GLB is that the virtual absence of post-fire 
competition by rootstock regenerators allows 
dense stands of some seedling regenerators like 
Olearia ramulosa and Acacia sophorae to 
develop and these can suppress regeneration of 
other species. This is made more serious at sites 
like Bay Road where there has been significant 
soil disturbance, foot traffic and rubbish dump¬ 
ing, as the same effect allows large populations 
of weeds like Chamaecytisus proliferus and 
Phytolacca octandra to develop. 

Of the species forming dense post-fire patches 
and stands, there is a group of native ones, 
namely Acacia sophorae, Carpobrotus rossii, 
Muehlenbeckia adpressa and probably Olearia 
ramulosa which are normally not found in heath 
but in earlier serai stages of beach dune succes¬ 
sion on soils more fertile than heath ones. Per¬ 
haps disturbance and deposition of litter by 
visitors in these small urban reserves is increas¬ 
ing soil fertility and allowing such invasion by 
species from earlier serai stages; this would 
parallel the way that increased phosphorus level 
from such causes has led to marked deteri¬ 
oration of very similar heath communities 
elsewhere (Heddle 8c Specht 1975). Comparing 


the RLB data with the RHB data highlights the 
way in which the intrusion by the native species 
listed above and by alien weeds is greatly 
reduced by the vigorous rootstock regeneration 
recorded at RHB. 

Regarding the dense stands of the South Afri¬ 
can Carpobrotus edulis which developed post¬ 
fire at GLB, the same phenomenon has been 
noted in Western Australia and in California, 
where it is assumed that soil storage of hard- 
coated seeds is involved (Zedler 8c Scheid 
1988). 

Soil seed bank 

In general, total number of germinates increased 
with increasing site disturbance, as found by 
Major 8c Pyott (1966). It is likely that not all seed 
present in the samples germinated, given the 
limited range of environmental conditions 
employed. Absence of Myrtaceae may be due to 
lack of soil storage of seed in this family (Ashton 
1979, Clemens 1986). 

Germination enhancement by heat for Epacri- 
daceae and Isolepis was also recorded by Warcup 
(1980), who referred to Isolepis as Scirpus. Such 
enhancement is more unexpected for Olearia 
ramulosa , although similar behaviour occurs in 
the composite Chrysanthemoides monilifera 
(Weiss 1986). It is not known if heat enhance¬ 
ment has a role in the post-fire mass germination 
of native composites like Helichrysum obtusi- 
folium and Olearia teretifolia (A. McMahon 
pers. comm.). 

Leptospermum laevigatum reproduction 

In 1987, flowering was first noted as sparse on 9 
August and was common by September, in 
accordance with the accepted flowering time of 
late August to November (Burrell 1969). Seeds 
are thought to become ripe during the summer 
after flowering (Hazard & Parsons 1977; this 
study). Ripe fruits start opening within hours of 
a branch being cut or exposed to fire (Burrell 
1981). 

Our observations strongly suggest that shed¬ 
ding of seeds initiated the previous spring is 
virtually complete by late spring-early summer 
and probably reaches its peak as early as the Jan- 
uary-February after flowering. Most fruits also 
fall within a year. Similarly, Wrigley 8c Fagg 
(1979) and Clemens (1986) noted that seeds and 
fruits are not retained on the plant for more than 
a year. Taken together, the available data suggest 
abundant seed shed in the absence of fire and 
little or no retention of fruits on-canopy for 
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more than a year. We do not agree that, gener¬ 
ally, “most of the capsules remain attached to 
the plant for a number of years” (Burrell 
1969). 

Field germination is from May to early Octo¬ 
ber (Burrell 1969). Soil storage of seed is mini¬ 
mal, probably due largely to seed harvesting by 
ants (Burrell 1969, van Gameren 1977, Clemens 
1986). The combined effect of these characteris¬ 
tics and of seed fall within a year of flowering 
may be to cause lower densities of seedling 
regeneration after spring fires, like the early 
October one at GLB, than after summer- 
autumn fires, like the late January one at RLB. 
We assume that at RLB virtually the entire 1984 
seed crop was ripe and released from the canopy 
by the fire, so that RLB had both larger seedfall 
and less seed predation before autumn germina¬ 
tion than GLB, where fire presumably destroyed 
most or all of the not fully mature 1984 seed 
crop. In managing vegetation to minimize rate 
of Leptospermum laevigatum invasion, spring 
burns before the maturation of the current fruit 
crop may be preferred to autumn ones. 

The fruiting behaviour inferred here for L. 
laevigatum is strikingly different from that of L. 
juniperinum , in which fruits are retained on the 
plant for at least six to eight years, whilst increas¬ 
ing in size and fleshiness (Ashton 1986). 

Leptospermum laevigatum is now naturalized 
in South Africa and, because it can be invasive 
and exclude native species by forming dense 
stands, is becoming widely recognized as an 
environmental weed in Australia (Kloot 1985, 
Adair 1987). The work published so far on L. 
laevigatum invasions gives the strong impres¬ 
sion that fire is necessary to allow invasion into 
native vegetation (e.g. Burrell 1981). It is now 
clear that such invasion can occur in the long¬ 
term absence of fire or other obvious distur¬ 
bance; for example, the invasion into heaths 
near Portland and Anglesea, into Leucopogon 
parviflorus scrub at Cape Otway and into various 
woodlands on the Mornington Peninsula, all in 
areas which have remained unburnt for several 
decades (G.W. Carr and A. McMahon pers. 
comm.). One of the factors favouring such L. 
laevigatum invasions may be declining fire 
frequency near human settlements, as suggested 
by McMahon, Carr & Bedggood (1987). 

Regarding management of small coastal 
reserves like those studied here, where sites now 
dominated by Leptospermum laevigatum may 
be burnt to try to re-establish heath species, we 
stress the following points: 

(a) The first six months post-fire are critical to 
the long term success of the regenerating in¬ 


digenous seedlings. Removal of weed species in 
this period significantly reduces the loss of in¬ 
digenous seedlings to rampant weed growth. As 
the cover of indigenous seedlings increases, 
weed invasion decreases and the need for inten¬ 
sive hand weeding is reduced. 

(b) While burning in spring reduces invasion 
by L laevigatum and alien grasses (like Ehrharta 
spp. j, Acacia sophorae, Chrysanthemoides mom 
ilifera and Hypochoeris spp. can become serious 
threats. If intensive follow-up weeding by paid 
staff and/or volunteers is unavailable after con¬ 
trolled burning, it is best not to burn until pro¬ 
vision for weeding is made. The benefits of 
burning to stimulate regeneration are rapidly 
lost to invading weed species. 
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Cropper, S.C., Calder, D.M. & Tonkinson, D., 1989:10:30. Thelymitra epipactoides F. 

Muell. (Orchidaceae): the morphology, biology and conservation of an endangered 
species. Proceedings of the Royal Society of Victoria 101: 89-101. ISSN 0035-921 1. 
Thelymitra epipactoides F. Muell. (metallic sun-orchid) was once widespread in coastal 
regions of south-eastern Australia but extensive clearing of habitat and collection by orchid 
enthusiasts has resulted in a significant reduction in its distribution. At present seven small 
populations (2-250 adult plants) survive on public land. Before adequate management 
procedures can be developed a better understanding of the species and its biology is 
required. 

Variation in lloral and vegetative characters and the phenology of T. epipactoides arc 
described. The population structure and major threats at three Victorian sites are 
considered; heavy grazing by chrysomelid beetle larvae, tortricid moth larvae and rabbits is 
recognised as a major threat to these populations. Evidence suggests that the lack of 
occasional summer-autumn fires is also contributing to the decline of the species. Fire 
apparently reduces competition with dominant shrubs and grasses, and increases seedling 
recruitment through the promotion of flowering, leading to increased seed set. Fires also 
create open sites suitable for seedling establishment. The lack of pollination and seed set at 
coastal sites in recent years is a long term threat to these populations. 


THEL YMITR/t EPIPA CTOIDES (metallic 
sun-orchid) was once widespread though never 
common in coastal regions of Victoria and 
South Australia (one specimen in the National 
Herbarium of Victoria has been recorded from 
Bulli in New' South Wales). Extensive clearing of 
habitat and collection by orchid enthusiasts 
have resulted in a large reduction in its distri¬ 
bution. Leigh et al. (1984) considered the species 
to be endangered. With the three largest popu¬ 
lations in Victoria now located in conservation 
reserves, suitable management needs to be 
developed and implemented. Information pro¬ 
vided by Dr R.F. Parsons and Mr C. Beardsell of 
the La Trobe University Botany Department, 
based on their continuing survey of localities of 
rare and endangered plant species within Victo¬ 
ria, has enabled the development of our present 
research program on T. epipactoides . 

This paper, which is based on field studies 
during 1984-1986, provides a detailed account 
of the morphological variation, demography, 
phenology and general ecology of T. epipactoides 
and an introduction to the breeding strategy, 
highlighting the importance of these aspects in 
its conservation. Known threats are described in 
detail and possible courses of action suggested. 


A detailed morphological description is pro¬ 
vided to quantify the variability of certain char¬ 
acters and accurately define other characters 
within the species, so as to establish a sound data 
base on which to study the phenology, dem¬ 
ography and pollination ecology of the main 
Victorian populations. 

STUDY AREAS 

The main populations of T. epipactoides in Vic¬ 
toria are located within Port Campbell National 
Park, Bay of Islands Coastal Reserve, Wcecurra 
Flora Reserve near Casterton and at Kiata Flora 
Reserve near the Little Desert National Park 
(Fig. 1). Small populations have also been found 
in recent years in the Grampians region, the 
Lower Glenelg National Park and within the 
Gippsland Lakes Coastal Park. The last two 
populations, however, were not located during 
1985-1986. 

Port Campbell National Park has a large pop¬ 
ulation of plants (Table 1) distributed along a 
narrow' (less than 50 m wide) strip of open heath- 
land on the top of a sandstone cliff, on the 
seaward side of the main road east of Port 
Campbell. The vegetation consists of low (less 
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Port 

Campbell 

Bay of 
Islands 

Wcecurra 

Flora Reserve 

Flowering Plants 

26 

46 

37 

Mature Non-flowering Plants 

18 

163 

9 

Subtotal (Adult Plants) 

44 

209 

46 

Immature Plants 

148 

90 

20 

Total Plants 

192 

299 

66 


Table 1. Number of flowering, mature non-flowering and immature plants recorded for 
the three main populations of Thelymitra epipactoides in Victoria. 


than 1 m high) heathland dominated by Lepto- 
spermum scoparium and Leucopogon parvi- 
jlorus. 

The population in the Bay of Islands Coastal 
Reserve is located in a narrow (less than 100 m 
wide) coastal strip of vegetation on a cliff top 
bordered to the north by farmland. This popu¬ 
lation is widely spread over several kilometres. 
During 1985 the western section of this popu¬ 
lation, comprising 209 adult plants (Table 1) 
growing in grassland dominated by Themeda 


australis and Poa poiformis , was studied in 
detail. The site has not been burned since 1973 
(Beardsell 1980-1984) and is being invaded by 
Leucopogon parviflorus and Leptospermum sco¬ 
parium. 

The largest inland population of T. epipac¬ 
toides in Victoria, with a total of 66 plants, is 
located in the Wcecurra Flora Reserve near Cas- 
terton (Table 1). The population is distributed 
over two areas: a formerly-grazed paddock rein¬ 
vaded by Leptospermum juniperinum , and a 
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relatively ungrazed site. The vegetation consists 
of heathland and sedgeland in which T. epipac- 
toides occupies the more open sedgeland. 

BACKGROUND DATA 

Beardsell (1980-1984) recorded T. epipactoides 
in a variety of heathy and coastal habitats, 
although it appeared to survive only in openings 
between the dominant shrubs. As a means of 
reducing competition, Beardsell recommended 
early autumn burning once every five years or 
grazing during the summer dormant period. The 
effect of competition is difficult to ascertain 
because some observations suggest that the 
orchid can survive several years of strong com¬ 
petition. For example, Beardsell reported the 
reappearance after 10 years of an individual that 
had been suppressed by heath at the Bay of 
Islands Coastal Reserve, and we have seen adult 
plants growing at the base of recently dead 
shrubs of Leucopogon parvijlorus and Leptosper- 
mum juniperinum that, when alive, would have 
provided strong competition. It appears that T. 
epipactoides forms part of a disclimax commu¬ 
nity, possibly maintained by fire. Observations 
at Weecurra Flora Reserve before and after 
burns indicate that fire stimulates flowering in 
the short term and is associated with an 
increased total number of plants in the long term 
(Beardsell 1980-1984). 

Although collection and habitat loss are histo¬ 
rical factors leading to the decline of T. epipac¬ 
toides , Beardsell (1980-1984) noted grazing and 
competition as important threats to existing 
populations. An additional, longer term threat is 
the observed lack of natural pollination (Beard¬ 
sell 1980-1984; Leigh et al. 1984). At the Bay of 
Islands Coastal Reserve, for example, Beardsell 
recorded variable seed set, with many plants 
producing no seed at all. The only immature 
plants observed at Port Campbell National Park 


during 1985 may be the progeny of hand polli¬ 
nations by Beardsell in 1981 (pers. comm.). The 
absence of immature plants at the Bay of Islands 
Coastal Reserve and Weecurra Flora Reserve, 
where Beardsell hand pollinated in 1981, may be 
explained by the lack of suitable microhabitats 
for seedling establishment. 

As yet, T. epipactoides has only been found in 
association with the fungus Tulasnella asymme- 
trica (Warcup & Talbot 1967). This fungus has 
been found in association with a wide range of 
common orchids, such as T\ luteocilium, T. 
grandiJJora (now T. aristata ), T. nuda and T. 
paucijlora (Warcup 1973; Warcup & Talbot 
1967, 1971). It is unlikely, however, that the 
absence of the fungus is a factor contributing to 
the orchid’s rarity. 

MATERIALS AND METHODS 

At each of three Victorian sites a minimum of 50 
plants were chosen at random and their position 
noted in relation to permanent pegs. Nine floral 
and vegetative characters were recorded for each 
individual (Table 2). Certain characters were 
unavailable in some individuals due to leaf and 
flower loss resulting from grazing and disease. 
Each population sample was divided into three 
size classes: mature/flowering, mature/non¬ 
flowering and immature including seedlings. 
Subsequently we combined the data of each size 
class from each population to provide an over¬ 
view of the species variability. All measure¬ 
ments were made using a 250 mm MITUTOYO 
vernier caliper. All measurements on adult 
plants, except leaf thickness, were noted during 
the peak of the flowering period in October. The 
measurements on the immature plants were col¬ 
lected during August. 

Relative humidity was measured using a 
pocket whirling hygrometer (No. 7765, Negretti 
and Zambra Ltd, London). Ambient air temper- 


Measured on all plants 

Measured on only one plant 

Leaf length 

Leaf width 

Leaf thickness 

Total height 

Length of lower bract 

Length of upper bract 
Inflorescence length 

Number of flowers 
Length/Width ratio of tepals 

Root tuberoid length 

Root tuberoid diameter 

Root length 


Table 2. Characters recorded for the morphometric analysis of 
Thelymitra epipactoides. 
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ature was taken using an electronic temperature 
sensor (National Semiconductor LM334) 
enclosed in a small polyvinyl chloride cabinet. 

A crossing program involving random selec¬ 
tion of 18 (7% of population) flowering plants, 
each with more than 8 flowers, was conducted at 
the Bay of Islands Coastal Reserve. Duplicate 
autogamous, geitonogamous and xenogamous 
crosses were made on one inflorescence and the 
flowers scaled with seccotine (E209, Australian 
Entomological Supplies, Greenwich, NSW), a 
clear water-based entomological glue. Two more 
flowers on each inflorescence were sealed, one 
with the pollinia retained in the anther, to test 
for cleistogamy, and the other with pollinia 
removed, an initial test for apomixis. In general 
no damage was incurred as a result of this treat¬ 
ment, although a few blue-flowered plants incur¬ 
red minor burns to their tepals from the secco¬ 
tine. The crosses were inspected at 12,24,48,72, 
and 96 hours. At each time the post-pollination 
response of all the crosses was noted and one 
xenogamous, one geitonogamous and one auto¬ 
gamous cross was collected from the inflores¬ 
cences of three randomly chosen plants to be 
inspected subsequently for pollen tube growth 
(any one plant not being harvested more than 
once). The series of duplicate crosses remaining 
on the inflorescence were allowed to mature. 
Seed from these pollinations was collected in 
December, dried for several weeks at room tem¬ 
perature (20-25°C), dcssicated for 24 hours and 
stored at 4°C in sealed jars (method recom¬ 
mended by M. Clements, pers. comm.). 

To study the growth of the pollen tubes after 
crossing, the ovaries and styles of the T. epipac- 
toides crosses were initially fixed in FAA (1:1:18 
Formalin:Acetic Acid:95% Ethanol) and then 
prepared and stained with decolourized aniline 
blue according to the method used by Williams 
et al. (1982). The squashed tissue was inspected 
under ultraviolet illumination using an Olym¬ 
pus BH-2 fluorescent microscope, with the BH2- 
RFL reflected light fluorescence attachment, 
BP-405 Violet excitation filter, DM-455 and Y- 
455 dichronic mirror and the Y-475 barrier filter 
attached. 

All insects found on T. epipactoides were col¬ 
lected and preserved in 70% ethanol or killed 
with ether and pinned by standard techniques 
(see Norris & Upton 1978) for later identifica¬ 
tion. Random sweeps with a 30 cm insect net 
(E39, Australian Entomological Supplies, 
Greenwich, NSW) were taken throughout the 
flowering season and the collected insects 
inspected for pollinia before being released. 


Identification was carried out using The Insects 
of Australia (CSIRO, 1979) and the taxonomic 
treatments recommended in that publication. 

RESULTS 

Demography 

Within the three populations of T. epipactoides 
the age structure was not discernible because 
no character or combination of characters 
adequately separated successive annual cohorts. 
Fig. 2 indicates the spread of the leaf width and 
thickness for all individuals with intact leaves. 
All plants with leaf widths greater than 15 mm 
produced inflorescences in 1985 or showed evi¬ 
dence of inflorescences from a previous season. 
Leaf width provides a reliable threshold between 
the immature growth stages of T. epipactoides 
and the mature stages when individuals are cap¬ 
able of flowering. Each population could there¬ 
fore be divided into mature flowering plants, 
mature non-flowering plants and immature 
plants on the basis of this character. Other 
features such as leaf venation and the cross- 
sectional shape of the leaf also correlated with 
this grouping (see morphological descriptions 
below). 

During 1985 the spatial clustering of mature 
and immature plants was noted. Mature plants 
were more dispersed, approximately 1 plant 
every 3 metres, in comparison with immature 
plants which formed compact colonies, often 
with more than 50 plants per square metre. 
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Fig. 2. Ratio of leaf width and thickness for the three 
main Victorian populations of Thelymitra 
epipactoides. Open stars represent flowering plants, 
closed stars non-flowering plants. 




RARE ORCHID CONSERVATION 


93 


Description o/Thelymitra epipactoides 
In the following description morphological data 
are expressed as ranges delimited by 95% confi¬ 
dence limits, followed by the sample size, the 
mean and the standard deviation within paren¬ 
theses. All data show a normal distribution 
except for the length of the second floral bract 
(X* = 12.7125, X 2 P _ 0 .05. 6 =12.592,0.05 < P< 
0.025). For this character the modes are given. 
The subterranean parts of only one plant were 
observed, and hence no variation of below 
ground characters within the species can be 
given. 

Flowering Adult Plants. T. epipactoides is a gla¬ 
brous tuberoid geophyte, 214-644 mm (38. 429 
± 106) high, including inflorescence. Leaf sin¬ 
gle, erect, lanceolate, 81 -398 mm (38,240 ± 78) 
long, 17-53 mm (37, 35 ± 9) wide, 0.7-2.4 mm 
(57, 1.6 ± 0.4) thick, sheathing. Sheath slightly 
flanged, bases tinged red, not covering base of 
first bract. Leaf blade with 1-5 prominent 
keeled veins, the number increasing with size 
(Fig. 3A). 


Root tuberoid obovate, creamy white, length 
53 mm, diameter 19 mm, connected to base of 
stem by short (12 mm), stout (5 mm diameter) 
connection. Old root tuberoid shrivelled, light 
brown, length 42 mm, diameter 9 mm. Both root 
tuberoids surmounted by a ring of roots located 
at 40 mm below soil surface, varying in length 
from 60-250 mm with a relatively constant 
diameter of 3-4 mm, extending to a depth of 
200-300 mm. Roots originating from base of 
cataphyll which covers subterranean tissue of 
leaf. Cataphyll brown, scarious (Fig. 3B). 

Peduncle stout, straight or slightly flexuose 
with one (occasionally two) stem-clasping 
bract(s), lower bract 76-318mm(38, 197 ± 60) 
long, upper one (when present) of variable length 
(modes being 0, 70,105 and 145 mm, in order of 
decreasing frequency). Inflorescence 76-300 
mm (38, 189 ± 55) long, with 7-31 (38, 18.9 ± 
6.0) flowers. Each flower with an elliptical to lan¬ 
ceolate acuminate floral bract covering the pedi¬ 
cel and part of the ovary. Flowers resupinate. 
Ovary inferior, unilocular with parietal placen- 
tation, consisting of six segments, the three inner 



Fig. 3. A, Adult flowering plant of Thelymitra epipactoides on the edge of an open space in Leptospermum 
scoparium and Leucopogonpamjlorus hcathland in the Port Campbell Nat.ona Park. B Thesub errancan parts 
of T. epipactoides from Weccurra Flora Reserve in December 1985; N = new root tuberoid, O = old root tuberoid, 
S = ground level, R = ring of roots. 
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segments bearing double placentae, the three 
outer ones sterile. 

Several flower colour morphs are present in 
each population, ranging from blue to green and 
brown or even pink. The flower colour of each 
plant is constant. Detailed inspection of the 
tepals indicates that the colour results from a 
mixture of cells with different pigmentation, the 
final colour being produced by different propor¬ 
tions of the variously coloured cells. Perianth 
segments elliptical to ovate, rigid, mucronate. 
Lamina flat in brownish flowers or conspicu¬ 
ously concave in blue-flowered plants, resulting 
in closed flowers being cylindrical or bulbous 
respectively. The length and width of the peri¬ 
anth segments decrease up the inflorescence and 
have a ratio 1.4-2.3 (34, 1.8 ± 0.22). Labellum 
undifferentiated, slightly concave, never becom¬ 
ing fully expanded when the flower opens, 
remaining horizontal as a platform. Inner sur¬ 
face of all perianth segments covered with uni¬ 
cellular, unbranched trichomes which arc pig¬ 
mented and may contribute to scent production. 
The combination of these trichomes and the pre¬ 
sence of airspaces between the epidermis and 
mesophyll of the tepals give some plants a char¬ 
acteristic metallic sheen. A sweet smelling scent 
is produced on days when the flowers are 
open. 

The column is the central structure of the 
flower and consists of the style, stigma and 
anther, enveloped by wings. These wings are 
open in front, exposing the stigmatic surface, 
rostellum and anther point (Fig. 4A, B), and are 
ornamented with five lobes: two lateral lobes 
(column arms), two mid-lobes and a post-anther 
lobe. The two lateral lobes project forward, with 
their ends covered in numerous multicellular tri¬ 
chomes up to 3 mm long. The two mid-lobes are 
laminate, produced over the space between the 
post-anther lobe and the penicillate column 
arms, and are irregularly lobed to dentate (Fig. 
4). The post-anther lobe is laminate, erect, den¬ 
tate, extending above the trichomes. The 
column is usually pigmented. The post-anther 
lobe and mid-lobes are yellow, the wings a lighter 
tone of green and the small region between them 
brown. No brown or green pigmentation occurs 
on the column of the blue flowered plants. The 
penicillate column arms are not pigmented. 

The style and the anther are separate except 
for the connection at the rostellum. Stigma orbi¬ 
cular with a deep groove behind the rostellum, 
laminate for the greater part, almost vertical (tis¬ 
sue supported by a thick prominent ridge on the 
lower surface), produced into a short thick style 


at the base connecting to the top of the ovary. 
Stylar canal open (Fig. 4A). Stigmatic surface 
covered with wet mucilage underlined with 
papillae. Androecium situated behind the 
stigma, only the anther point being exposed. 
Anther introrse, dehiscing by longitudinal slits 
and containing a four-lobed pollinium. Staminal 
filament fused with column wings, basifixed, 
produced above into a slender acuminate anther 
point (Fig. 4A, B). 

Pollen grains sulcate, prominently reticulate 
and forming tetrads agglutinated into a four- 
lobed pollinium. Pollinium pale yellow. Lobes 
clavate, glued together along the edge closest to 
the stigma, the two groups fused to a common 
short stalk, the caudicle, positioned in the 
groove on the dorsal edge of the stigma and 
covered by the rostellum (Fig. 4A, B). 

The pollinium, when connected to the stigma 
by the rostellum, partially protrudes from the 
anther, only becoming free after the rostellum is 
touched and the caudicle lifted up. The pollin¬ 
ium lobes are vertical in the anther, spreading 
after removal (Fig. 4A). 

Thelymitra epipactoides is a perennial species 
perpetuating by an annually replaced root tube- 
roid. The orchid is dormant over the summer 
period, with only the remains of the previous 
season’s leaf and peduncle obvious. The leaf 
emerges from the ground in early autumn, 
slowly develops over winter and reaches full size 
before spring. During this period the inflores¬ 
cence also develops, reaching full height and 
flowering in October (early spring). Pollinated 
flowers develop over the next month to shed 
seed in early December (Fig. 5). 

Mature non-flowering plants. These differ from 
the flowering plants in that they produce a lan¬ 
ceolate to linear-lanceolate, erect, aglaucous 
leaf, 131-511 mm (7, 321 ± 78) long, 11-30 mm 
(7, 21 ± 4) wide, 0.3-2.7 mm (7, 1.5 ± 0.5) 
thick, with 3-5 prominent keels. Leaf not 
sheathing. Cataphyll obvious at soil level. 

Immature plants. These produce a linear leaf, 
usually at an acute angle to the ground (Fig. 6B), 
and up to 338 mm (29, 167 ± 84) long, 3-14 mm 
(29, 8 ± 3) wide, 0.2-1.6 mm (28, 0.9 ± 0.3) 
thick; smaller leaves not keeled, convolute; keel 
developing and lamina becoming flat as width 
increases. Grey-green with red at base of leaf, 
cataphyll usually obvious at soil level. Immature 
plants grow on open bare patches of soil between 
the surrounding scrub (Fig. 6A, B), around old 
Leptospermum stumps or on the sides of open 
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Fig. 4. Ovary and column structure of Thelymitra epipactoides. A, Half flower with perianth removed, 
illustrating the orientation of the anther with respect to the stigma. B, Frontal view of the column. C, Lateral view 
of the column wings. A = anther, AP = anther point, CA = column arms, ML = midlobe, O = ovary, P = pollinium, 
PAL = post-anther lobe, R = rostellum, S = stigma, SC = stylar canal, T = trichomes. 
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Fig. 5. Annual life cycle of T. epipactoides. Note that the plant is dormant from January to March. 


paths. At Port Campbell National Park open 
patches of soil were created after salt pruning of 
the Leptospermum shrubs. The soil surface pH 
at the Victorian sites varied from 5.6 to 7.5 
during December 1985, saturated soils being 
approximately neutral whereas the better- 
drained soils were slightly acidic. 

Flowering period. The main flowering period is 
during October. Flower opening appears to be a 
complex process involving responses to sun¬ 
light, temperature and humidity. In general, 
flowers open when the relative humidity is lower 
than 52%, air temperature is above 15°C, and 
skies are essentially clear. During October 1985 
only 6 days were noted in which such conditions 
prevailed and flowers opened. 


Breeding strategies. No detectable physiological 
difference was observed between autogamous, 
geitonogamous and xenogamous crosses. All 
produced seed at the same time and showed no 
difference in the rate of growth or development 


of pollen tubes. Studies on the progeny of xeno¬ 
gamous and autogamous crosses are currently 
being carried out in conjunction with the Aus¬ 
tralian National Botanic Gardens, Canberra to 
reveal any deleterious effects of inbreeding. The 
crosses designed to test for cleistogamy and 
apomixis did not produce seed, indicating that 
mechanical self pollination and parthenogenesis 
respectively do not occur in this species. 

At Weecurra Flora Reserve, native bees, the 
most likely pollinators, were recorded during 
1985 when 35% (a total of 109) of the ungrazed 
flowers formed capsules and set seed. On the 
coast no natural pollination was recorded. De¬ 
spite careful observation no bees were seen in 
the vicinity or observed working typically bee- 
pollinated plants within a kilometre of the pop¬ 
ulations. Numerous types of flies including hov- 
erflies were recorded, mainly feeding on 
flowering Leptospermum scoparium. 

Threats. The Port Campbell population faces a 
variety of threats of which severe grazing is the 
most obvious. Grazers include chrysomelid 
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'ig. 6. A, Open space in heathland in which adults and immature plants of Thelymitra epipactoides arc found, 
’ort Campbell National Park. B, Detail of open space showing immature plants of T. epipactoides on bare soil 
'ith Baumea juncea and Carex spp. 
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Port 

Campbell 

Bay of 
Islands 

Weccurra 

A Damage to plants 




Grazing 




Chrysomclid beetle larvae 

52 

2 


Tortricid moth larvae 



12 

Macropods 

45 


23 

Rabbits 


4' 


Slugs 

1 



Dieback 

27 

21 


Infections 




Fungal 

6 



Bacterial 

2 

12 


Waterlogging 

7 



Burnt leaf tip, due to late bums 



11 

Physical damage by man 

1 



Total number of plants inspected 

128 

44 

50 

B Threats to populations 




Competition 




Shrubs 

? 

yes 

previously 

Grasses 

no 

yes 

no 

Reduced pollination rate 

yes 

yes 

no 

Illegal collection 1985 

7 

yes 

7 

‘This number likely to be an underestimate because we selected areas with low rabbit 

numbers. 





Table 3. A, Number of Thelymitra epipactoides plants damaged in three Victorian sites 
during 1985/86 (numbers based on a random sub-sample of population). B, Threats to 
population survival of Thelymitra epipactoides at three Victorian sites. 


beetle larvae (Family Chrysomelidae, subfamily 
Chrysomelinae), rabbits, kangaroos and slugs; 
by the end of the season 66% of the population 
was heavily grazed (Table 3). The adult orchids 
were grazed predominantly by the beetle larvae 
which appear specific to this species (several 
specimens have been deposited in the Australian 
National Insect Collection, voucher number 85- 
376). The larvae congregate in groups of 4-6 
individuals of various ages and ranging in length 
from 2 to 5 mm. They feed on the tip or the edge 
of the leaf, working inward and leaving a char¬ 
acteristic jagged edge. If disturbed the larvae 
drop from the leaf, usually landing within the 
leaf sheath. Plants were noted with beetle larvae 
on them as early as 13 August and as late as 8 
October. An attacked plant usually lost its leaf 
within a couple of weeks but no grazing of 
flowering stems was noted. Grazing by kanga¬ 
roos was mainly confined to patches of imma¬ 
ture plants and corresponded to the general 
grazing of adjacent grassy areas. 


A problem prevalent at both coastal sites but 
not elsewhere was leaf dieback. This affected the 
distal parts of the leaf resulting in shrivelling and 
loss of leaf tissue, eventually leading to total de¬ 
struction of the leaf as the season progressed. 
The process has not been investigated but 
appeared to be quite distinct from normal sen¬ 
escence. 

In 1985 a large proportion of the Weccurra 
Flora Reserve population was grazed by kanga¬ 
roos and tortricid moth larvae (Family Tortrici- 
dae. Subfamily Oleothreutinae). The moth lar¬ 
vae typically tie together the edges of the leaf and 
eat the interior. On some plants the inflores¬ 
cence was also eaten. Eastern grey kangaroos 
(Macropus giganteus) were observed at the site, 
although a number of other kangaroos and 
wallabies are also known to be in the area. The 
orchid population was not grazed prior to the 
commencement of flowering but was severely 
grazed afterwards, causing a large loss of poten¬ 
tial seed. Plants were afforded some protection 
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adjacent to crowns of Xanthorrhoea minor , 
whose rigid angular leaves discouraged close 
grazing. Despite the heavy grazing of the inflor¬ 
escence in this population of T. epipactoides , 
35% of the flowers set seed in 1985. 

DISCUSSION 

It is essential that the phenology of a plant is 
known before the environments where it grows 
can be effectively managed. Thelymitra epipac¬ 
toides is a perennial plant and individuals rely 
on root tuberoids as their only means of perpe¬ 
tuation. Nutrient assimilation is dependent both 
on the orchid with its single leaf and, to an 
unknown extent, on the mycorrhizal associate 
Tulasnella asymmetrica. The leaf is exposed for 
approximately 9 months of the year, the orchid 
becoming dormant during the summer/autumn 
dry season. 

None of the Victorian populations could be 
divided into age cohorts on the basis of vegeta¬ 
tive characters, although only the larger plants 
produced flowers. 

The stimulus for flowering is unknown. Wells 
(1981) showed that for Spiranthes sp. the total 
rainfall and earth temperature (at 300 mm) dur¬ 
ing winter is positively correlated with the per¬ 
centage of plants flowering, and that summer 
rainfall is of importance for Herminium , both of 
these being British terrestrial orchids. Gill & 
Groves (1981) discussed the role of ethylene in 
increasing flower response in a variety of mono¬ 
cotyledons after fire. The affect of these factors 
on the associated mycorrhizal fungus is 
unknown. Historical records of T. epipactoides 
and other orchids (Gill & Groves 1981) describe 
increased flowering after lire. This could be due 
to increased nutrient availability to the orchid 
resulting from a flush of mycorrhizal fungi or re¬ 
lease of ethylene. Both of these could be further 
modified by the climatic requirements of the 
orchids. 

Observations on plants subject to competition 
from shrubs or grasses suggest that leaf size and 
flowering are related to nutrient levels and light 
availability. At the Bay of Islands site, where the 
vegetation has not been burned since 1973, the 
population consists largely of non-flowering 
mature plants. It seems likely that reduced pho¬ 
tosynthesis due to shading by vigorous grasses 
has resulted in inadequate replenishment of the 
tuberoid for flowering to occur. 

Thelymitra epipactoides is potentially a pro¬ 
lific seed producer even though the flowers are 


open only occasionally during the short 
flowering season. Contrary to the belief that 
temperature is the major factor influencing 
flower opening in Thelymitra (Beardsell & Bern¬ 
hardt 1982; Bernhardt & Burns-Balogh 1986), 
data collected in this study indicate that low 
humidity is also an important factor. 

When the flowers of T. epipactoides open they 
form an attractive multi-flowered display with a 
sweet perfume. The flower appears to provide no 
reward for visiting pollinators and the insect is 
duped into visiting the raceme. A form of decep¬ 
tion, floral mimesis, has been reported in two 
other Thelymitra species, T. nuda (Bernhardt & 
Burns-Balogh 1986) and T. antennifera(Dafni& 
Calder 1987), and possibly also in T paucijlora 
(J. Armstrong, unpublished data 1986). These 
species appear to mimic similar-coloured plants 
which bloom at the same time and provide nec¬ 
tar or pollen for collection. Batesian mimicry 
such as this requires that the mimic has a lower 
population density than the model and has rela¬ 
tively constant flower colour. T. epipactoides 
does not appear to mimic the blooms of other 
plants but maintains a deception by maximizing 
both the total floral display and variability of 
flower colour, thus promoting insect visitation 
and movement. The flower provides sign stimuli 
to elicit a search response, which results in the 
removal of the pollinium. Potential pollinators 
respond to the visual and olfactory display in a 
way similar to their response to other unfamiliar 
flowering plants. 

The lack of pollination on the coast is possibly 
due to the local absence of the natural pollina¬ 
tor. 

At Bay of Islands Coastal Reserve and 
Weecurra Flora Reserve seedling recruitment 
into the T epipactoides population is low. This is 
probably due to the lack of disturbed soil such as 
that found near man-made tracks, soil slips, ani¬ 
mal tracks and old echidna diggings. Although 
not recorded in the literature, we have found T. 
paucijlora, T. nuda, T. ar is tat a and T. mathewsii 
in addition to T. epipactoides on recently dis¬ 
turbed sites. It is possible that many Thelymitra 
are essentially colonizing species. 

The immediate effect of grazing on a plant is 
the reduction of leaf area resulting in loss of pho¬ 
tosynthetic capability. Under these conditions 
the orchid may become more dependent on the 
associated mycorrhizal fungus for nutrients and 
energy. It is possible that continued heavy graz¬ 
ing may so reduce the resources of the tuber that 
it is no longer viable. Whether a plant of T. epi- 


100 


S. C. CROPPER, D. M. CALDER AND D. TONKINSON 


pactoides can be sustained by its mycorrhizal 
associate for several years is unknown. 

Threats to the survival of the species have 
been identified as reduction of habitat, grazing 
and removal from the wild by collectors. 
Although these threats are not major problems 
for extant populations, they have resulted in an 
increased risk of extinction through overall 
reduction in numbers. It is possible that reduced 
breeding success is linked with habitat destruc¬ 
tion through the removal of native pollinators. 

Management and conservation procedures 

Previous burns at Weecurra Flora Reserve have 
shown that fire promotes flowering and often 
precedes major recruitment events (Beardsell 
1980-1984). Fire also reduces competition from 
shrubs and grasses, leading to an increase in pop¬ 
ulation numbers. In a natural fire regime the 
vegetation communities are maintained as open 
heathlands or grasslands with numerous open 
sites. The observations at Port Campbell 
National Park suggest that open patches of bare 
soil are required for germination and early 
development of this orchid. 

The frequency of fire is extremely important 
for long term population survival, the appro¬ 
priate period between fires depending on the 
floristic composition of the associated commu¬ 
nity. The aim should be to maintain the vegeta¬ 
tion cover at a level at which a population of T. 
epipactoides is not detrimentally affected. As a 
general management plan, Beardsell (1980- 
1984) recommended that populations in heath- 
land should be burned every 5-10 years and 
those in grasslands every 3-4 years. Burns 
should occur between January and March, the 
dormant period of the orchid, subject to local 
fire safety. 

At some localities, two barriers to seedling 
recruitment may exist: lack of pollination and 
lack of suitable sites for seedling establishment. 
If a population of T. epipactoides has not been 
pollinated for several years there may be a case 
for artificial pollination as a means of increasing 
potential seedling recruitment. In areas with a 
high level of disturbance from a range of causes, 
suitable sites are available for seedling establish¬ 
ment provided the disturbance is not excessive 
or continuous. In areas not permitted to burn, 
disturbance suitable for seeding establishment 
may not occur naturally and suitable regimes 
will need to be established. Ideally, all competi¬ 
tive vegetation should be removed from small 
areas (1-2 m 2 )and the soil left fallow for several 
months before seed is released. 


The reduction or elimination of grazing poses 
some problems for managers. Although the 
exclusion of cattle and sheep at major sites has 
been achieved through erection of new fences 
and the withdrawal of grazing leases (as recom¬ 
mended by Beardsell 1980-1984), the threat 
from rabbits has not been removed, resulting in 
the partial loss of the populations at Port Camp¬ 
bell National Park and at the Bay of Islands 
Coastal Reserve (Beardsell 1980-1984). In addi¬ 
tion, a population of 82 plants (many of them 
seedlings) within the Bay of Islands Coastal 
Reserve were totally eaten by rabbits between 
August and October 1985, and it is possible that 
a number of other sites within these reserves 
were heavily grazed by rabbits during this study. 
Future burns will lead to a reduction of feed and 
the movement of rabbits farther from their 
warrens in search of food, possibly resulting in 
increased grazing of T. epipactoides. The only 
way of preventing this is through erection of 
rabbit-proof exclosures around the orchids or by 
appropriate rabbit control programs. 
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